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Description

Field of the Invention

[0001] This invention is generally related to an assem-
bly and method for percutaneously or otherwise minimal-
ly invasively delivering an electrode array to a target lo-
cation. The assembly and method of this invention are
further capable of steering the electrode array to the tar-
get location and, once, at the location, deploying the elec-
trode array so the array can be activated.

Background of the Invention

[0002] There are a number of medical conditions for
which it has been found that an effective therapy involves
driving current through a section of the tissue of a patient.
Often, the current is driven between the electrodes of an
electrode array implanted in the patient. Generally, the
electrode array includes a non-conductive carrier on
which typically two or more electrodes are disposed.
Once the electrode array is implanted, current is driven
from at least one of the electrodes, through the adjacent
tissue, to at least one of the other electrodes. The current
flow through the tissue influences the tissue to accom-
plish a desired therapeutic result. For example, an elec-
trode array positioned adjacent the heart may flow cur-
rents to stimulate the appropriate contraction and expan-
sion of the heart muscles. There is an increasing interest
in implanting electrode arrays adjacent neural tissue so
that the resultant current flow induces a desired neuro-
logical or physical effect. In one known application, the
current driven between the electrodes of an array placed
on top of the dura in the vertebral column reduces the
extent to which chronic pain signals are perceived by the
brain. Alternatively, the array may be placed in a location
where the current flow stimulates a feeling of stomach
fullness as part of an appetite suppression/weight man-
agement therapy. In another application, the current is
flowed to tissue or nerves associated with the bladder or
the anal sphincter to assist in control of incontinence.
Electrodes may be implanted in a paralysis victim to pro-
vide muscle control and/or a sense of feeling.
[0003] The Applicants’ Patent Application No. No.
PCT/US2009/33769, FOLDABLE, IMPLANTABLE
ELECTRODE ARRAY ASSEMBLY AND TOOL FOR IM-
PLANTING SAME, filed 11 February 2009, published as
WO 2009/111142, the contents of which are explicitly
incorporated herein by reference, describes an electrode
array that includes a frame on which plural electrodes
are arranged in a row by column matrix. An advantage
of this electrode array is that it allows current to be flowed
between numerous different combinations of electrodes.
Depending on which electrodes are operated to function
as current sources and sinks, this array can be operated
so that there are two or more current flows occurring si-
multaneously between different sets of electrodes. Once
this array is deployed, the practitioner drives current be-

tween different combinations of electrodes. Current
therefore flows through different sections of tissue. This
allows the practitioner to determine between which elec-
trodes, through which tissue, the current flow offers the
greatest benefit and/or tolerable side effects. Once the
optimal current flow path between the electrodes is de-
termined, the array and its associated power supply are
set to operate in this state. Should the electrodes shift or
the clinical needs change, the array can be reset to ac-
commodate these changes.
[0004] In comparison to other electrode arrays with
lesser numbers of electrodes, the above-described array
makes it possible to flow current through more sections
of tissue and to selectively focus/diffuse the current flow.
In contrast to an electrode array with a smaller number
of electrodes, use of the above-described array increas-
es the likelihood that the current flow can be set to provide
desired therapeutic effects, with tolerable side effects.
[0005] Previously, there was a disadvantage of provid-
ing an electrode array with numerous individual elec-
trodes that collectively occupy a large surface area. Spe-
cifically, owing to the size of these arrays, it was believed
that the only way to position them against the tissue
through which current is to be driven was to cut a relatively
large incision in the patient to provide access to the target
tissue. Typically, this incision is more than 3 cm in length
and, often at least 5 cm in length. Once the incision is
made, it is then usually necessary to retract at least a
portion of the tissue overlying the target tissue. In some
insertion procedures, removal of some of the overlying
tissue is required. The electrode array was passed
through the incision and placed against the target tissue.
Once the electrode array was positioned, the incision was
closed.
[0006] The electrode array of the incorporated by ref-
erence WO 2009/111142, is designed in part to be im-
planted in a patient without requiring such a large sized
incision, tissue removal and the attendant trauma that
results from these procedures. The Applicants’ array of
this incorporated-by-reference document is designed so
that the electrodes are disposed on a frame formed from
a superelastic material. A superelastic material is one
that, after being subjected to appreciable bending or fold-
ing, returns to its initial state. Once this electrode array
is formed, the assembly is then folded or rolled into a
form that has a side-to-side width appreciably less than
its width in the unfolded/unrolled state.
[0007] It has been proposed that this folded/rolled ar-
ray then be placed in a deployment cannula. This elec-
trode array-deployment cannula assembly is then fitted
into a slightly wider insertion cannula. Once a portal, a
puncture opening, is formed in the patient, the cannulae
and electrode array are directed toward the surface of
the tissue in the body against which the electrode array
is to be deployed. The deployment cannula, with fold-
ed/rolled electrode array contained therein, is positioned
over the target tissue. The deployment cannula is then
retracted back into the insertion cannula while the elec-
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trode array is blocked from such movement. The retrac-
tion of the deployment cannula uncovers the folded/rolled
electrode array. As a consequence of the electrode array
being formed on the frame of superelastic material, the
array, upon being uncovered, unfolds/unrolls back to its
initial shape. The unfolded/unrolled array extends over
the target tissue, the tissue through which it is believed
current flow will provide the desired therapeutic effect.
[0008] A benefit of the above assembly is that only a
relatively small portal is formed in the patient in order to
position the cannulae-containing assembly in the vicinity
of the target tissue. The need to form a large incision and
possibly remove tissue in order to position the assembly,
and the attendant trauma associated with such an inci-
sion is eliminated. It should similarly be appreciated that
another advantage of avoiding having to make such a
large incision in the patient is that it lessens the degree
to which the internal tissue of the patient is exposed to
the ambient environment and infection-causing agents
in the environment. Thus, it should be appreciated that
not having to make a large incision in a patient can reduce
the patient’s recovery time and risk of complications.
[0009] Likewise, the above procedure can typically be
performed in less time than it takes to implant the elec-
trode array through an open incision. This is consistent
with one of the goals of modern surgical practice; mini-
mizing the time the patient is held under anesthesia.
[0010] The above-described assembly and method for
percutaneously deploying an electrode array eliminates
having to form a large incision into the patient and the
disadvantages associated with having to make such an
incision. However, one limitation associated with this as-
sembly and method is that it works best if the insertion
cannula is positioned a relatively short distance from the
target location over which the electrode array is to be
deployed. Sometimes anatomic features or safety con-
cerns makes it difficult, if not impossible, to place the
cannulae at a location so that, upon deployment, the ar-
ray seats over the target tissue. In these situations, ide-
ally, it should be possible to advance the deployment
cannula relative to the insertion cannula so the array is
positioned over the target tissue. However, intervening
tissue may block the advancement of the deployment
cannula and array to the target tissue. This can make it
difficult, if not impossible, to use the delivery assembly
to deploy the electrode array.

Summary of the Invention

[0011] This invention is directed to a new and useful
assembly and method for percutaneously delivering and
deploying an electrode array against target tissue
through which the current sourced and/or sunk by the
electrodes integral with the array is to be flowed. The
assembly of this invention includes a flexible core around
which an electrode array is folded or rolled. A sheath
surrounds the core and electrode array to hold the elec-
trode array in the folded over state. A steering assembly

moves the core and array from side to side.
[0012] In some versions of the invention, the steering
assembly is routed through the core to laterally displace
the core. The displacement of the core results in a like
displacement of the electrode array and the surrounding
sheath. In some versions of the invention, the steering
assembly is routed through the sheath to displace the
distal head end of the sheath. Such movement results in
a like displacement of the core and folded electrode array
disposed within the sheath.
[0013] In some versions of the invention, the sheath is
a sheet of material that is wrapped around the core and
electrode array. In these versions of the invention, a re-
tention assembly releasably holds the sheath in the
wrapped state. Alternatively, the sheath may be a tube.
This tube may be open ended or have a closed distal end
that can be opened.
[0014] To deliver and deploy a cannula using the de-
livery assembly of this invention, often a portal is initially
created in the patient. An access cannula is fitted in the
patient. The sheath-encased electrode array and core
are fitted into an access cannula and directed towards
the distal end opening of the access cannula. Once the
sheath-encased assembly exits the access cannula, the
steering assembly is used to advance the assembly
around obstructions. The assembly is positioned of the
target tissue. Once the assembly is so positioned, the
tissue through which the current is to be flowed.
[0015] Once the sheath-encased assembly is posi-
tioned over the target tissue, the sheath is moved away
from the folded-over electrode array. In versions of the
invention in which a retention assembly holds the sheath
in a closed, folded, state, this retention assembly is re-
leased. As a consequence of the electrode array releas-
ing potential energy in the unfolding process, the
wrapped sheath is forced open. The open sheath and
core are then retracted. Alternatively, a tube-type sheath
is simply retracted proximally away from the folded over
electrode array. In these versions of the invention, as a
consequence of the removal of the constraining sheath
from over the folded over electrode array, the array un-
folds. Once the electrode array unfolds, the core is re-
moved.
[0016] This invention provides a means to insert an
electrode array into a patient through an access cannula
that is narrower in diameter than the width of the unfolded
array and allows the array to be steered to the target
tissue. Thus, this invention makes it possible to deploy
a large width electrode array over target tissue using a
percutaneous or otherwise minimally invasive proce-
dure, where it might not otherwise be possible to position
an array using this type of process.

Brief Description of the Drawings

[0017] The invention is pointed out with particularity in
the claims. The above and further features and advan-
tages of this invention are better understood by reference
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to the following Detailed Description taken in conjunction
with the accompanying drawings in which:

Figure 1 is a plan view of an unfolded electrode array
configured to be percutaneously delivered for de-
ployment against target tissue;
Figure 2 is an enlarged plan view of the proximal end
of the assembly of Figure 1 wherein the drive module
is absent from the terminal pad;
Figure 3 is a cross sectional view across the length
of a single electrode of the electrode array of Figure
1;
Figure 4 is a cross sectional view across two con-
ductors of the electrode array of Figure 1;
Figure 5 is a side view of the proximal end of the
electrode array showing how the assembly, when
deployed, has a curved profile;
Figure 6 is a perspective view of an electrode array
wrapped around the steerable core of the delivery
assembly of this invention;
Figure 7 is a perspective cross sectional view of an
electrode array contained in the delivery assembly
of this invention;
Figure 8 is a perspective view of the core, anchors
and steering cables of the delivery assembly of this
invention;
Figure 9 is a perspective view of the proximal end of
the core, with the rear anchor removed.
Figure 10 is a perspective view of the distal end of
the core and the front anchor wherein the electrode
array is shown wrapped around the core;
Figure 11A is a cross sectional view of the front an-
chor of Figure 10, taken along line 11A-11A wherein
the core and electrode array are removed;
Figure 11B is a cross sectional view of the front an-
chor of Figure 10, taken along line 11B-11B wherein
the core and electrode array are removed;
Figure 12 is a perspective view of the rear of the rear
anchor;
Figure 13 is a cross sectional view of the rear anchor
taken along line 13-13 of Figure 12;
Figure 14 is a cross sectional view of the rear anchor
taken along line 14-14 of Figure 12;
Figure 15 is an enlarged perspective view of the prox-
imal end of the core and rear anchor with the elec-
trode array disposed around the core and rear an-
chor;
Figure 16 is an enlarged perspective view of the dis-
tal end of the core and front anchor with the electrode
array disposed around the core;
Figure 17 is a perspective view of the delivery as-
sembly sheath in the closed state;
Figure 18 is a cross sectional view of the sheath of
Figure 17 along line 18-18 of Figure 17 wherein for
purposes of clarity, no components are disposed in
the sheath;
Figure 19 is a is perspective cross sectional view of
the delivery assembly of this invention showing the

electrode array and core encased in the sheath;
Figure 20 is a perspective view of a how the proximal
end of the electrode array, core and rear anchor are
encased in the sheath;
Figure 21 is a perspective view of the components
that extend out of the sheath;
Figure 22 is a cross sectional view of how an access
cannula is used in one method to facilitate the de-
ployment of an electrode array according to this in-
vention;
Figure 23 illustrates how the steering assembly of
this invention operates;
Figure 24 is a cross-sectional view of an intermediate
stage of the electrode array unfolding process of this
invention;
Figure 25 is a cross-sectional view of the electrode
array at the completion of the unfolding process;
Figures 26A through 26D are a set of plan views that
illustrate the retraction of the core and the unfolded
sheath from between the unfolded electrode array
and the tissue through which the current is to be
flowed;
Figure 27 is a perspective view of an electrode array
encased in an alternative delivery assembly of this
invention;
Figure 28 is a perspective view of an electrode array
wrapped around the core of the delivery assembly
of Figure 27;
Figure 29 is a perspective view of the assembled
together spacers, core and tip of the delivery assem-
bly of Figure 27;
Figure 30 is a perspective view of the proximal spac-
er of Figure 29;
Figure 31 is a perspective view of the distal spacer
of Figure 29;
Figure 32 is a cross sectional view of the distal spacer
taken along line 32-32 of Figure 31;
Figure 33 is a cross sectional view of the distal spacer
taken along line 33-33 of Figure 31;
Figure 34 is a perspective view of the head of Figure
29;
Figure 35 is partial cross sectional view of the array
encased in the sleeve of the delivery assembly along
the longitudinal axis of the assembly when viewed
in a vertical plane;
Figure 36 is cross section of the array encased in
the sleeve of the delivery assembly along the longi-
tudinal axis of the assembly when viewed in a hori-
zontal plane;
Figures 36A, 36B and 36C are enlarged views of
sections of cross sectional view of Figure 36;
Figure 37 is a cross sectional view of the encased
array when viewed along line 37-37 of Figure 27;
Figure 38 is a cross sectional view of the encased
array when viewed along line 38-38 of Figure 27;
Figure 39 is a cross sectional view of the encased
array when viewed along line 39-39 of Figure 27; and
Figure 40 is a cross sectional view of the encased
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array when viewed along line 40-40 of Figure 27.

Detailed Description

I. Electrode Array

[0018] Figures 1 and 2 illustrate an electrode array 40
that can be percutaneously deployed over a section of
tissue using the apparatus and method of this invention.
Electrode array 40 includes a number of individual elec-
trodes 42. The electrodes 42 are selectively tied to cur-
rent sources and current sinks (not illustrated and not
part of this invention). When the current sources and
sinks are actuated, current flows from one or more elec-
trodes 42 tied to the current source or sources, through
regions of the tissue that underlies the assembly 40. The
current is driven through the tissue to the one or more
electrodes 42 tied to the current sink or sinks. A drive
module 44 selectively ties the electrodes 42 to the current
sources and current sinks. Drive module 44 is located at
the proximal end of the assembly 40. (Here, "proximal"
means towards the end of the assembly at the bottom of
Figure 1; "distal" means towards the end of the assembly
at the top of Figure 1).
[0019] In Figure 1, assembly 40 is shown active side
up so electrodes 42 and drive module 44 can be seen.
The "active" side of the assembly 40 is the side of the
assembly on which the electrodes 44 are located. Oppo-
site the active side, assembly 40 has a "passive" side.
[0020] In Figure 2, drive module 44 is removed from
the assembly 40 so the terminal pad 46 at the proximal
end of the assembly can be seen. Terminal pad 46 is the
substrate of the assembly 40 to which drive module 44
is attached. In many versions of the invention, the com-
ponents forming assembly 40 are dimensioned so that
drive module 42 extends rearwardly beyond the proximal
end of terminal pad 46.
[0021] Three parallel, spaced apart bridges 54, 56 and
58 extend distally forward from terminal pad 46. The outer
two bridges, bridges 54 and 58, are each formed with a
leg,
legs 50 and 52, respectively. Legs 50 and 52, which are
coaxial and that extend outwardly from opposed sides of
terminal pad 46. Bridges 54 and 58 extend perpendicu-
larly forward, distally forward, from legs 50 and 52, re-
spectively. Feet 53 and 57, respectively, connect legs 50
and 52 to terminal pad 46. Each foot 53 and 57 has a
proximal end edge that tapers distally forward as the foot
extends away from the adjacent side edge of terminal
pad 46. Bridge 56, the center located bridge, extends
forward from the distal end of terminal pad 46.
[0022] Plural tabs 60 extend outwardly from each
bridge 54, 56 and 58. More particularly, at a number of
spaced apart locations along the length of each bridge
54, 56 and 58, two tabs 60 extend outwardly from the
opposed sides of the bridge. At least in the version of the
invention depicted in Figure 1, the tabs 60 are arranged
in diametrically opposed pairs relative to the bridge 54,

56 or 58, from which the individual tabs extend. Electrode
array 40 is further constructed so that at each longitudinal
section on bridge 54 from which tabs 60 extend, tabs 60
also extend from the laterally adjacent longitudinal sec-
tions of bridges 56 and 58. Thus, in the illustrated version
of the invention, tabs 60 are arranged in rows. In each
row of tabs 60, two tabs extend outwardly from each
bridge 54, 56 and 58. The rows of tabs 60 are longitudi-
nally spaced apart from each other. In some versions of
the invention, the separation between the distal end of
one row of tabs and the proximal end of the distally ad-
jacent row of tabs is between 1 to 10 mm. In many ver-
sions of the invention, this separation is between 2 and
6 mm.
[0023] Each tab 60 is generally in the form of a rectan-
gle with rounded corners. Each tab 60 has a length
(measurement along an axis parallel to the longitudinal
axis of assembly 40) of between 0.5 to 5 mm. Often this
length is between 2 and 4 mm. Each tab 60 has a width,
(measurement along the axis perpendicular to the longi-
tudinal axis of assembly 40 in the plane of Figure 2) of
0.25 to 2 mm. In many versions of the invention, this width
is between 0.5 to 1 mm. It should further be understood
that each tab 60 attached to one bridge 54 or 56 is sep-
arate from the adjacent tab 60 attached to the adjacent
bridge 56 or 58. The spacing between the adjacent tabs
60 extending from adjacent bridges is typically no more
than 500 microns and preferably 100 microns or less.
This small separation between adjacent tabs 60 reduces
the amount of tissue that can grow between the tabs. If
appreciable tissue were allowed to grow between the
tabs 60, this tissue could inhibit later removal of the as-
sembly 40.
[0024] Bridges 54, 56 and 58 are each shaped so that
the width of the bridge between two longitudinally adja-
cent pairs of tabs 60 is greater than the width of the same
bridge between the distally adjacent next pair of tabs.
Thus, the width of each bridge between the first pair of
tabs, the pair closest to drive module 44, and the adjacent
pair of tabs is approximately 0.88 mm. The width of each
bridge between the second and third pairs of tabs, (the
pairs second and third closest to drive module 44) is ap-
proximately 0.80 mm. The width of each bridge between
the eighth pair of tabs 60 and the adjacent ninth pair of
tabs, the distalmost pair of tabs 60 relative to drive mod-
ule 44, is approximately 0.32 mm.
[0025] Beams 62 extend between the bridges 54, 56,
and 58. More particularly, each beam 62 extends be-
tween adjacent bridges 54 and 56 or between adjacent
bridges 56 and 58. In the illustrated version of the inven-
tion, assembly 40 is further constructed so that each
beam 62 connecting bridges 54 and 56 is collinear with
an adjacent beam connecting bridges 56 and 58. Each
beam 62 has a width, (measurement along an axis par-
allel to the longitudinal axis of the assembly 40) of ap-
proximately 0.25 mm.
[0026] The electrode array 40 of Figure 1 is further con-
structed so that there is a pair of collinear beams 62 ad-
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jacent the proximal and distal ends of each of the tabs
60 in each row of tabs. Thus, in the illustrated version of
the invention, there are 18 pair of beams that connected
the spaced apart bridges 54, 56, and 58 together.
[0027] Given the spacing between the tabs 60, it
should be appreciated that the longitudinally adjacent
pairs of beams 60 are spaced apart from each other along
the longitudinal axis of electrode array 40. As discussed
below, a flexible membrane 64 is disposed between
these adjacent spaced apart beams 62. In Figure 2 mem-
branes 64 are shown by surface shading. Similarly, there
may also be membranes 66, located on the outer sides
of bridges 54 and 58. Each of the membranes 66 extends
between a pair of longitudinally adjacent tabs 60 that ex-
tend from the outer sides of bridges 54 and 58. Mem-
branes 64 and 66 are present to inhibit tissue growth
between the components of the electrode array 40.
[0028] Electrode array 40 is also formed to have a head
70 and two shoulders 78. Head 70 is located forward
from a small neck 72 that forms the distal end of center-
located bridge 56. Thus, neck 72 is located forward of
the two distal most tabs 60 that extend outwardly from
bridge 56. Each of the two distal most beams 62 extend
from neck 72. Head 70 is located forward of the two distal
most beams 62. Head 70 has a proximal edge that ex-
tends laterally beyond neck 72 on either side of the neck.
The head 70 has two parallel side edges. At the most
distal end, head 70 has an outwardly curved distally-di-
rected front edge.
[0029] Each shoulder 78 extends forward from a small
land 80 located forward of the associated outer bridge
50 or 54. Each land 80 is integral with and extends distally
forward from the outer tab 60 integral with the bridge 54
or 58 with which the land is attached. Lands 80 serve as
the terminuses for the beams 62 that extend from neck
72. Each shoulder 78 is spaced forward and away from
the adjacent beam 62. Shoulders 78 are also spaced
laterally away from the adjacent side edges of the head
72. Specifically, the shoulder 78 on the left side of Figure
1 is spaced from the adjacent head side edge along a
line collinear with the line along which the tabs 60 asso-
ciated with bridge 54 are spaced from the adjacent tabs
60 associated with bridge 56. The shoulder 78 on the
right side of Figure 1 is spaced from the adjacent head
side edge along a line collinear with the line along which
the tabs associated with bridge 56 are spaced from the
adjacent tabs 60 associated with bridge 58.
[0030] Each shoulder 78 is approximately in the shape
of a right angle triangle wherein the 90° corner is located
adjacent the bottom of the adjacent side of edge of the
head 72. The hypotenuse edge of the shoulder 78 is the
outer edge of the shoulder. Each shoulder 78 is, however,
further shaped to have a rounded distal end 84. Beams
86 connect the hypotenuse of each shoulder 78 to the
top of head 70.
[0031] An electrode 42 is disposed on each one of the
tabs 60. Plural conductors 88 are disposed on bridges
54, 56 and 58. Each conductor 88 extends to a separate

one of the electrodes 42 integral with the associated
bridge 54, 56 or 58. In Figure 1, due to scale, the set of
conductors on each bridge is seen as a single black line.
The thickness of this line decreases distally along the
length of each bridge. This decrease in line thickness
represents that, moving distally along each bridge 54, 56
or 58, the number of conductors present on the bridges
decreases. Conductors 88 are the conductors over which
current is sourced to or sunk from the electrodes 42. If
an electrode 42 does not function as a current source or
sink, the electrode may function as a voltage probe.
When an electrode 42 performs this function, the asso-
ciated conductor 88 serves as the conductor over which
the sensed voltage is connected to a monitoring circuit
(not illustrated and not part of this invention).
[0032] Each conductor 88 only extends as distally for-
ward as the electrode 42 to which the conductor is con-
nected. Each bridge 54, 56 and 58 therefore supports
more conductors adjacent its proximal end than its distal
end. This need to support the largest number of conduc-
tors adjacent the proximal ends of the bridges 54, 56 and
58 is why these ends of the bridges are wider than their
complementary distal ends.
[0033] Electrode array 40, as seen in Figures 3 and 4,
has a frame 96 formed from a superelastic material; that
is a material that, after being subjected to the strain in-
duced by appreciable rolling, folding or bending, returns
to its initial shape. In one version of the invention, the
frame 96 is formed from a nickel titanium alloy such as
Nitinol. Frame 96 is shaped to form the basic geometric
features of the assembly including feet 53 and 57, legs
50 and 52, bridges 54, 56 and 58, tabs 60, beams 62 and
86, head 70, neck 72 shoulders 78 and lands 80. Terminal
pad 46 and membranes 64 and 66 are formed from ma-
terial different from which the frame 96 is formed.
[0034] In some processes of manufacturing assembly
40, frame 96 is curved early in the manufacturing proc-
ess. Specifically, the frame 96 is shaped to have a cur-
vature intended to conform generally to the curvature of
the surface of the tissue against which electrode array
40 is to be positioned. Often the arc of curvature is per-
pendicular to the longitudinal axis of the array 40. In these
versions of the invention, when a manufactured assem-
bly 40 is placed on a flat surface, with the electrodes 42
facing downwardly, center bridge 56 is elevated relative
to side bridges 54 and 58 as seen in Figure 5. More par-
ticularly, Figure 5 illustrates the elevation of center bridge
56 relative to bridge 54.
[0035] Insulating material is disposed on the top, bot-
tom and side surfaces of the frame 96 (side-located in-
sulating material not shown). One such insulating mate-
rial is a conformal coating such as the polyxylene polymer
parylene-C. This insulating material is disposed over the
surfaces of the frame 96. In Figures 3 and 4, the insulating
material disposed over the surface of the frame 96 away
from the tissue against which the assembly 40 is em-
ployed, is identified as passive side insulating layer 98.
Passive side insulating layer 98, in addition to being dis-
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posed over the "passive" side of frame 96 is also disposed
over the side edges of the frame.
[0036] The insulating layer disposed over the surface
of the frame 96 on which electrodes 42 and conductors
88 is located is identified as the intermediate insulating
layer 102. While not illustrated, it should be understood
that the material forming intermediate insulating layer
102 also forms layers of terminal pad 46 and membranes
64 and 66.
[0037] Conductive traces that form base pads 110 for
the electrodes 42, and the whole of the conductors 88
are disposed on the exposed surface of intermediate in-
sulating layer 102. Typically, each conductive trace in-
cludes a thin layer of titanium 112 applied directly to in-
termediate insulating layer 102. A thicker layer of gold
114 is disposed over titanium layer 112. A thin outer layer
of titanium 116 is disposed over the surface of the ex-
posed surface of gold layer 114. Titanium layer 116 has
a thickness approximately equal to that of titanium layer
112.
[0038] An electrode 42 of assembly 40 of this invention,
in addition to having the titanium/gold/titanium base pad
110, has two additional layers deposited above the out-
ermost titanium layer 116 of the base pad. While not clear
from Figures 3 and 4, the gold layers 114 of electrodes
42 may be thicker than the gold layers 114 of conductors
88. As seen in Figure 3, a second outer layer of titanium
122 is disposed over the outer surface of titanium layer
116. A layer of iridium 124 is disposed over the outer
surface of the titanium layer 122. The exposed surface
of the iridium functions as the tissue-contact face of the
electrode 42.
[0039] An insulating layer, again possibly a polyxylene
polymer coating, is disposed over at least a portion of
each electrode 42 and over the whole of the conductors
88. This insulating layer is applied over the conductors
88 to prevent the conductors from functioning as elec-
trodes. This insulating layer also functions as a laminate
that adds structural strength to assembly 40. In the Fig-
ures, this insulating layer is identified as active side in-
sulating layer 126. In some methods of manufacturing
the electrode array 40, the material forming the active
side insulating layer 126 is applied to cover the whole of
the electrodes 42. Portions of this insulating material are
removed to form small openings 128. Openings 128 are
the openings through which the iridium layers 124 of the
electrodes 42 are exposed to the target tissue.
[0040] The current driven between the array elec-
trodes is applied to the drive module through a cable 132,
seen in Figure 1, attached to the proximal end of the drive
module 44. Often the proximal end of the cable 132 is
connected to an implantable device controller (IDC) 134
also implanted in the patient. Often the current sources
and sinks are internal to the IDC 134. (The exact structure
of the IDC is not relevant to this invention.) Typically,
cable 132 contains plural individual conductors (not illus-
trated) that are connected to the various components in-
ternal to the drive module 44.

[0041] While not illustrated, it should be understood
that cable 132 includes an insulating outer shell. The shell
may be formed of material that can withstand some axial
compressive loading without buckling. Cable 132 may
also include an element connected to the electrode array
40 that can sustain axial tension. This allows cable 132
to be used as a extraction tether for removing the array
40.
[0042] A more detailed understanding of electrode ar-
ray 40 as well as a description of one means for fabricat-
ing the array is contained in the incorporated by reference
PCT Pub. No. WO 2009/111142 A2, and in U.S. Pat.
Pub. No. US 2009/0293270 A1, METHOD OF ASSEM-
BLING AN ELECTRODE ARRAY THAT INCLUDES A
PLASTICALLY DEFORAMBLE CARRIER also explicitly
incorporated herein by reference.

II. DELIVERY ASSEMBLY

[0043] Figures 6 and 7 illustrate the delivery assembly
150 of this invention. Assembly 150 includes an elongat-
ed, flexible core 152. Electrode array 40 is wrapped, fold-
ed around core 152. The folded electrode array 40 and
core 152 are encased in a sheath 154, also part of de-
livery assembly 150. Sheath 154 is opened, unrolled,
along a slot 156 (Figure 17) that extends longitudinally
along the sheath. A retention bar 158, disposed inside
sheath 154, above the folded over electrode array 40,
holds the sheath closed.
[0044] Electrode array delivery assembly 150 also in-
cludes an elongated flexible, tube-like shaft 160. Core
152 and sheath 154 are located forward of the distal end
of shaft 160. As discussed below, the deployment of array
40 concludes with the retraction of core 152, sheath 154
and shaft 160 away from the array.
[0045] Core 152, now described with respect to Fig-
ures 8 and 9, is formed from a flexible biocompatible ma-
terial such as a thermoplastic elastomer. In many ver-
sions of the invention, the material forming core 152 is
also lubricious. Often the material forming core 152 has
the cross section of a rectangle with opposed, semi-cir-
cular sides. Thus core 152 is shaped to have parallel,
planar opposed top and bottom surfaces, only top surface
163 illustrated in Figures 8 and 9. Core 152 has a pair of
semi-circular shaped side surfaces 165, only one of
which is called out in Figure 9. In some versions of the
invention, the overall width of the core, the distance
across the outermost sections of the of the adjacent op-
posed sides surfaces 165, is approximately 0.5 mm less
than the outer side edge-to-outer side edge distance be-
tween a pair of opposed tabs 60 that extend from one of
the bridges 54, 56 or 58 of electrode array 40. The arcuate
length around each core side surface 165 is less than
length of the array beams 62 that are wrapped around
the side surfaces. The radius of curvature of core side
surfaces 165 is such that, when a beam 62 is wrapped
around a surface 165, the beam will not be curved so
tightly that the beam will undergo plastic deformation.
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The minimal thickness of core 152, from the top surface
to the opposed bottom surface is a function of the max-
imum allowable strain supportable by the array frame 96
before plastic deformation. This strain is inversely related
to the thickness of the frame 96.
[0046] The core 152 is further formed to have two par-
allel bores 172 that extend longitudinally through the
core. Each bore 172 is centered around a separate one
of the axes internal to the core 152 around which a sep-
arate one of the side surfaces 165 is curved. Core 152
is further formed so as to have a number of notches 174
that extend inwardly from the side surfaces 165. Each
notch 174 is approximately 0.1 to 1.5 mm in length and
0.7 to 1.0 mm in depth. (Here "length" is the dimension
parallel to longitudinal axis of core 152; "depth" is the
dimension inward from the side surface 165.) The depth
of the notches 174 is such that they intersect bores 172.
Notches 174 are arranged in coplanar pairs such that
where a notch extends inwardly from one side surface
165 a notch extends inwardly from the opposed side sur-
face 165.
[0047] Notches 174 divide core 152 into a set of con-
nected, longitudinally aligned islands 166. A link 168 con-
nects two adjacent islands 166. Each link 168 is the por-
tion of the core 152 between two side-by-side notches
174. Islands 166 are thus wider, (the dimension perpen-
dicular to the longitudinal axis of the core 152) than the
links 168. Each island 166 typically has a length (the di-
mension along the longitudinal axis of the core 152) that
is at least equal to if not greater than the length subtended
by an array beam 62, the tab 60 closest to the beam 62,
the beam 62 on the opposed sides of the tab and the
gaps between the tab and the beams. Thus in one version
of the invention if the distance between the proximal end
of beam 62a of Figure 2 and the distal end of beam 62b
of the same Figure is 4.0 mm, core 152 may have islands
166 with a length that is between 4.0 and 5.5 mm.
[0048] A front anchor 188 is disposed over the distal
end of core 152. A rear anchor 212 is disposed over the
proximal end of the core 152.
[0049] The front anchor 188, now described by refer-
ence to Figures 10, 11A and 11B, is formed from a rela-
tively rigid biocompatible polymer such as a thermoplas-
tic. Front anchor 188 is formed to have a base 192 with
an oval cross sectional shape. The top-to-bottom height
and side-to-side width of anchor base 192 are greater in
size than the corresponding dimensions of the adjacent
core 152. Forward of base 192, the front anchor 188 has
a head 194. Head 194, when viewed from above, the
view of Figure 10, has a rounded shape. Thus, the side-
to-side width of front anchor head 194 decreases distally
from anchor base 192. In the Figures, it can be seen that
the front anchor has a bottom surface 191 that extends
the length of base 192 and to almost the distal end of the
head 194. Anchor bottom surface 191 is generally planar.
However, as seen by reference to Figure 11A, front an-
chor is formed to have groove 197 that extends upwardly
from the bottom surface 191. Groove 197 is centered

along the longitudinal axis of the front anchor 188. Front
anchor 188 has a top surface 193 that is parallel to bottom
surface 191 on the opposed face of the anchor 188. The
portion of the top surface 193 parallel to bottom surface
191 extends from the anchor head 194 to close to the
proximal end of the anchor base 192. At the most prox-
imal end of the top face of front anchor 188 there is a
ramp surface 195. Ramp surface 195 inclines upwardly
from the proximal end of the front anchor 188 to the abut-
ting top surface 193.
[0050] Front anchor 188 is further formed to have a
pocket 196 that extends forward from the proximal end
of anchor base 192. Pocket 196 is dimensioned to closely
receive the distal end of the adjacent core 152. Front
anchor 188 is further formed so as to have a recess 199
that extends inwardly from top surface 193. More specif-
ically, the anchor 188 is formed so that, rearward of the
head 194, recess 199 tapers inwards from the distal end
of the anchor top surface 193 towards the opposed bot-
tom surface 191. At a location along the length of the
anchor 188 slightly proximal to where the anchor base
192 transitions into the anchor head 194, the base of the
recess bottoms out. In the illustrated version of the in-
vention, this planar base of recess 199 is slightly below
the surface internal to anchor base 192 that defines the
bottom surface of pocket 196.
[0051] Two parallel bores 198 extend longitudinally
through anchor 188. (One bore 198 shown in cross sec-
tion in Figure 11B.) Each bore 198 extends from the distal
end of pocket 196 to the surface that defines the proximal
end base of recess 199. Anchor 188 is formed so that
when core 152 is seated in pocket 196, anchor bores 198
are concentric with core bores 172.
[0052] Rear anchor 212, seen best in Figures 12-14,
is fitted over the proximal rear end of the core 152. Rear
anchor 212 includes a tail 214 that forms the proximal
rear end of the anchor. Tail 214 has an elliptical shape.
The tail 214 is further formed to have in the top surface,
(surface not identified) two longitudinally extending
grooves that project downwardly. Close to the tail top
surface there is a top groove 216. Rear anchor 212 is
shaped so that top groove 216, when looking towards
the proximal end of the anchor 212, has a rectangular
cross sectional profile. A bottom groove 218 extends
downwardly from the base of top groove 216. Groove
218 is U-shaped. Groove 218 is dimensioned to receive
power cable 132. In the illustrated version of the inven-
tion, the side-to-side width of bottom groove 218 is less
than the corresponding width of top groove 216.
[0053] Forward of and integral with tail 214, rear anchor
212 is formed to have a torso 222. Torso 222, like tail
214, is elliptically shaped. In the illustrated version of the
invention, the longitudinal axes of tail 214 and torso 222
are in registration. The torso 222 is shaped to have a
longer side-to-side width than tail 214 and shorter top-
to-bottom height. Consequently, the top and bottom sur-
face of the tail 214 are located, respectively, above and
below the adjacent surfaces of the torso 222. The sides
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of the torso 222 extend beyond the sides of the tail 214
[0054] Torso 222 is further formed so as to have a
groove 223 that extends inwardly from the torso bottom
surface. Groove 223 extends longitudinally along the
length of the torso and is located below the longitudinal
axis of rear anchor 212. Groove 223 has a concave cross
sectional profile.
[0055] Anchor torso 222 is further formed to define a
void space 226 that extends inwardly from the top surface
of the torso. (Arbitrarily the "top surface" of torso 222 is
the side visible in Figure 12. The "bottom surface" of the
torso is the side opposite from top side.) Torso void space
226 extends longitudinally along the whole of the length
of the torso 222. Void space 226 is contiguous with tail
grooves 216 and 218. The base of void space 226 is
defined by a bottom panel 230 that is part of the torso
222. Bottom panel 230 is located below the base of tail
bottom groove 218 so as to provide void space 226 with
a depth greater than that of groove 218. Two sets of op-
posed side walls 232 and 234, also part of the torso 222,
define the lateral sides of void space 226. A first pair of
side walls, walls 232, (one shown) extend upwardly from
the opposed longitudinally extending sides of bottom
panel 230. Side walls 232 are spaced apart a distance
that is slightly greater than the width of electrode array
drive module 44. Rear anchor 212 is further shaped so
that side walls
have 232 have a height approximately equal to that of
drive module 44. The second set of side walls, walls 234,
(one shown) extend above walls 232 to the top of anchor
torso 222. Walls 234, are parallel with walls 232. Each
wall 234 is stepped outwardly relative to the adjacent wall
232. Walls 234 are thus spaced apart from each other
by a distance greater than the width of any portion of the
electrode array terminal pad 46 that may be seated in
the torso 222.
[0056] Extending distally forward from torso 222, rear
anchor 212 is formed to have two parallel, forward ex-
tending, spaced apart arms 238. Each arm 238 is in the
shaped of a filled-in "D" wherein the curved sections of
the arms are outwardly directed. Arms 238 are spaced
apart a distance equal to the width of torso void space
226. The distance across the arms 238, from outermost
surface to outermost surface, is equal to the width across
core 152. The radius of curvature around the outer sur-
faces of the arms 238 is equal to the radius of curvature
around core side surface 165. Anchor arms 238 are fur-
ther formed to each have a step 235 that extends inwardly
from the top surface of the arm, (one step seen in Figures
12 and 14). Each step 235 is coplanar with the adjacent
step in the anchor torso 222 between walls 232 and 234
(torso step not identified). Steps 235 do not extend the
complete length of each arm 238. Instead, each step 235
extends distally forward from the torso approximately
five-sixths the length of the arm 238.
[0057] A finger 240 extends forward from each arm
238. Each finger 240 is "C"-shaped wherein the curved
surfaces of the fingers 240, like the curved surfaces of

arms 238, are outwardly directed. Fingers 240 are further
formed to have a radius of curvature greater than the
radius of curvature of arms 238. The outer surfaces of
fingers 240 thus extend beyond the outer surfaces of the
adjacent arms. Each finger 240 is further formed to have
a U-shaped groove 242. Each groove 242 is positioned
so that the curved base of the groove is outwardly direct-
ed towards the opposed finger 24. Grooves 242 extend
longitudinally rearward from the distal front end of the
fingers 236. Grooves 242 do not, however, extend the
full length of the fingers 240. Each groove stops at a
position located approximately three-quarters the dis-
tance from the distal end of the finger 240 towards the
proximal end of the finger. Collectively, the fingers 240
are formed so that a side portion of the proximal end of
core 152 can seat in each one of the grooves 242.
[0058] Rear anchor 212 is further formed to have a
wedge 244 that extends between the opposed arms 238
and fingers 244. Wedge 244 is generally in the shape of
solid right angle triangle. Wedge 244 is oriented so the
inclined surface of the wedge angles upwardly from the
proximal end of the wedge to the distal end. Also, the
forwardly directed distal face of the wedge 244 is flush
with surfaces internal to fingers 240 to function as the
bases of grooves 242. Wedge 244 is further shaped so
that proximal edge leading to the inclined surface is at
an elevation equal to or slightly below the planar face of
panel 230 that defines the base of the torso void space
226.
[0059] Two parallel, spaced apart bores 250 (one seen
in the cross sectional view of Figure 14) extend longitu-
dinally through rear anchor 212. Each bore 250 starts at
the proximal end of the anchor tail 214, extends forward
through the torso 222 and one of the arms 234. Each
bore 250 extends through the finger 240 associated with
the arm 234 through which the bore extends and opens
into the internal face of the finger that defines the groove
242 integral with the finger. Bores 250 are located so that
when the rear anchor 212 is fitted to core 152, the bores
250 are in registration with core bores 172. The proximal
end of the anchor tail 214 is further formed to have two
counterbores 248. Each counterbore 248 is concentric
with and opens into a separate one of the bores 250.
[0060] In some versions of the electrode array delivery
assembly 150 of this invention, front and rear anchors
188 and 212, respectively, are molded in place over, re-
spectively, the distal and proximal ends of core 152. Al-
ternatively, after anchors 188 and 212 are fabricated,
core 152 is molded into the anchors.
[0061] Delivery assembly 150 also includes a pair of
steering cables 256, now described by reference to Fig-
ures 8, 15 and 16. Steering cables 256 are formed from
materials having a high modulus of elasticity such as
stainless steel or arimid fiber. Each steering cable 256
extends from a location proximal to assembly 150 into
one of the rear anchor counterbores 248 and comple-
mentary bores 250. From the rear anchor bore 250, the
steering cable 256 extends through the adjacent core
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bore 172. Each steering cable 256 therefore extends
through the notches 174 in the core 152 that intersect
the core bore 172 in which the cable is disposed. Steering
cables 256 extend out of the core bores 172 into and
through the complementary front anchor bores 198.
[0062] An oval-shaped bar 258 seated in front anchor
recess 199 holds the distal ends of the steering cables
256 in the recess. Bar 258 has two spaced apart through
holes (not illustrated) that are the same distance apart
as anchor bores 198. Each steering cable 256 is tightly
secured in a separate one of the bar bores. In some ver-
sions of the invention, the bar 258 is crimped inwardly to
hold the cable in place. Alternatively the cable may be
solder or adhesively secured to bar 258.
[0063] Each steering cable 256 extends rearwardly
away from the rear anchor 212. Proximal to the rear an-
chor 212, each cable 252 is slidably disposed in a sep-
arate cable sheath 260. The distal ends of cable sheaths
260 are seated in separate counterbores 248 integral
with the rear anchor 212. Cable sheaths 260 are formed
from a low friction material that is relatively stiff in the
axial direction such as a PTFE, polyethylene or stainless
steel. In Figures 6 and 8, cable sheaths 260 are only
shown extending a relatively short distance rearward of
rear anchor 212. In practice, cable sheaths 260 extend
rearward so as to cover substantially all of the portions
of the steering cables 252 that extend rearward from an-
chor 212.
[0064] Turning to Figures 17 and 18, the structure of
the assembly sheath 154 is now described. Sheath 154
is formed from a flexible, lubricious low-durometer ma-
terial (less than 40 A Scale) such as a silicone rubber. In
cross section, along a plane perpendicular to the longi-
tudinal axis of the sheath 154, the sheath 154 is shaped
to, when folded, have an elliptical outer profile. The
sheath 154 is further formed to have a front end with a
rounded head 272. The assembly sheath 154 is further
formed to have a slit 156 that extends longitudinally along
the length of the sheath. Slit 156 extends approximately
100° degrees around the outer surface of the sheath head
272 so as to intersect the most distal portion of the head.
The slit 156 then extends rearward towards the proximal
end of the sheath 154. Slit 156 does not extend the length
of the assembly sheath 154. Instead, the slit 156 termi-
nates at location approximately 5 mm forward of the prox-
imal end of the sheath. Two side slits 276 angle away
from opposed sides of the longitudinally extending slit
156. Each side slit 276 angles away from the longitudi-
nally extending slit 156 by approximately 120°. Each side
slit 276 subtends an angle of approximately 100° around
the circumference of the sleeve.
[0065] Assembly sheath 154 is further formed to have
two symmetrically arranged, longitudinally aligned ribs
278. Each rib 278 extends inwardly from one of the op-
posed edges of the sheath 154 that defines slit 156. Each
rib 278 has a stem 280 and a head 282. On the outer
side of each rib 278, stem 280 and head 282 share a
coplanar side surface, (surface not identified). On the

opposed side of the rib 278, the head 282 curves out-
wardly away from the stem. As seen in Figure 18, when
the ribs 278 are pressed together planar side-to-planar
side, the ribs 278 collectively have a cross sectional
shape similar to that of an inverted mushroom.
[0066] Sheath 154 is further shaped to have a pair of
flaps 284. Each flap 284 extends outwardly from an inner
surface of the sheath adjacent one of the ribs 278 and
extends over the adjacent rib. Each flap 284 is typically
spaced away from the associated rib 278 so as to form
a channel 286 between each rib and the associated flap.
When sheath slit 156 is closed, channels 286 are con-
tiguous with each other. Ribs 278 and flaps 284 are col-
lectively formed so that when the sides of sheath 154 are
place together, the abutting channels 286 collectively
have a C-shaped cross sectional profile.
[0067] The assembly sheath 154 is further shaped so
as to have an internal longitudinally extending rib 288.
Rib 288 extends upwardly from the inner surface of
sheath 154. More particularly, sheath 154 is formed so
that when the sheath is in the closed state, slit 156 and
rib 288 are diametrically opposed from each other. It
should likewise be understood that when sheath 154 is
in the closed state, the sheath defines a lumen 290 that
generally has a Figure-8 cross sectional shape. Sheath
154 is formed so that that width across lumen 290, the
width along the horizontal axis of Figure 18, is less than
the width across electrode array 40 when the assembly
is in the unfolded, deployed, state. The width across lu-
men 290 is, however, equal to or slightly greater than the
width of electrode array 40 when the assembly is in the
folded state. This width is inherently greater than the side-
to-side surface width across the core 152. The height of
lumen 290, the vertical height in Figure 18, varies along
the width of the lumen. The height is a minimum between
the abutting flaps 284 and the apex of rib 288.
[0068] Retention bar 158, seen best in Figures 7 and
19, is formed from a stainless steel or other low stretch
material. Retention bar 158 is shaped so as to fit inside
the abutting channels 286 internal to sheath 154. Thus,
in the illustrated version of the invention, retention bar
158 has a C-shaped cross sectional profile. Retention
bar 158 has a distal end located adjacent to the distal
ends of the sheath abutting channels 286. Retention bar
158 extends out the proximal end of sheath 154, over
rear anchor 212 and into flexible shaft 160. In some ver-
sions of the invention, the retention bar 158 extends out
the open proximal end of shaft 160. In other versions of
the invention, the retention bar 158 terminates in the flex-
ible shaft 160. In these latter versions of the invention, a
tether (not illustrated) extends proximally from the prox-
imal end of the retention bar 158. The tether extends
through the flexible shaft 160.
[0069] Returning to Figures 6, 7 and 10, it can be ap-
preciated that a first step of preparing electrode array 40
for insertion and deployment is to wrap the assembly
around core 152. This process is performed by centering
the assembly 40 so that bridge 56 is disposed over core
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top surface 163. More specifically bridge 56 is positioned
so that each electrode-carrying tab 60 integral with bridge
56, as well as the opposed assembly beams 62 adjacent
the proximal and distal ends of the tab, are centered over
one of the core islands 166. During the bending process,
the beams 62 may curve around the adjacent core side
surfaces 165. Owing to the relative dimensioning of the
array 40 and the core 152, this curving is not so great
that it results in plastic deformation of the beams 62.
Again, it should be understood that each core island 166
is often slightly longer in length than electrode array tabs
60 and adjacent beams 62 that overlie the island. A large
section of each tab-free and bridge-free section of bridge
56 is disposed over one of the island-connecting links
168.
[0070] During the process of positioning electrode ar-
ray bridge 56 over core 152, drive module 44 is seated
in the rear anchor void space 226 as seen in Figure 15.
As a result of the drive module 44 seating in the anchor
void space 226, any perimeter portions of the assembly
terminal pad 46 that extend beyond the drive module seat
in the stepped space between anchor walls 232 and 234
and step 235. Cable 132, which extends rearward from
the drive module 44, is disposed in anchor grooves 216
and 218.
[0071] Once the drive module 44 and bridge 56 of as-
sembly 40 are properly positioned, the assembly frame
96 is folded or bent to wrap bridges 54 and 58 around
the opposed undersurface of the core 152, the surface
opposite the core surface against which bridge 56 is dis-
posed as seen in Figure 19. Electrode array 40 may be
folded so that either bridge 54 or bridge 58 is disposed
against core 152; the other of bridge 58 or bridge 54 is
disposed against the bridge immediately adjacent core
40. Since the electrode-carrying tabs 60 of bridges 54,
56 and 58 are laterally aligned, it should be appreciated
that each tab 60 integral with bridge 54 or 58 is disposed
against the rear surface of one of the core islands 166.
Again, the beams 62 immediately adjacent the proximal
and distal ends of each tab 60 are bent around the island
166 against which the tab is disposed. As a consequence
of this folding or bending of the electrode array 40 around
the core 152, as seen in Figures 6 and 15, portions of
the assembly feet 53 and 57 and legs 50 and 52 are
wrapped around the outer curved surfaces of arms 234
of rear anchor 212.
[0072] Collectively the components of this invention
are further dimensioned so that, as seen in Figure 16,
assembly head 70, shoulders 78 and the top most tabs
60 closes the head are disposed over the distal most
core island 166.
[0073] Once the electrode array 40 is wrapped or fold-
ed over core 152, sheath 154 is wrapped over the as-
sembly 40 and core 152. To facilitate the proper orienta-
tion of components, core 152 is positioned over the un-
wrapped sheath 154 so that sheath rib 288 seats in front
anchor groove 197 and rear anchor groove 223. Sheath
154 is then wrapped over the electrode array 40 and core

152. Retention bar 158 is then inserted in sheath chan-
nels 286 to hold the sheath 154 in the closed, folded,
state. As seen by reference to Figure 19, when assembly
40 and core 152 are disposed in sheath 154, the com-
ponents of this invention are dimensioned so that the
outer surfaces of flaps 284 press against the adjacent
surface of bridge 56. The outer surface of rib 288 presses
against the surface of the adjacent bridge 54 or 58. The
compression forces flaps 284 and rib 288 place on the
folded over assembly 50 hold the assembly, and also
core 152, in a fixed orientation within sheath 154.
[0074] When sheath 154 is disposed over the electrode
array 40, membranes 66 inhibit the outermost tabs 42
from cutting into the sheath.
[0075] As seen in Figures 7, 20 and 21, when assembly
40 and core 152 are in sheath 154, the sheath also en-
closes most but not all of rear anchor 212. In Figure 20,
to simplify illustration of the relationship between the
components of this invention, sheath 154 and shaft 160
are represented by dashed lines. Specifically, the prox-
imal end of sheath 154 is wrapped over the rear anchor
torso 222. Rear anchor tail 214 extends rearwardly out
of the
sheath 154. Extending beyond the rear anchor tail are:
cable 132; retention bar 158; and the sheath-encased
steering cables 256.
[0076] The shaft 160 is generally in the form of a tube.
The material forming shaft 160, while bendable, can with-
stand some axial loading without buckling. Shaft 160 can
be fabricated from a polyurethane plastic. Shaft 160 cov-
ers rear anchor tail 214 and the components that extend
rearwardly from the tail. This is represented by Figure 21
wherein the position of rear anchor 212 relative to sheath
154 is shown. In some methods of preparing this inven-
tion for use, the rear anchor 212 is fitted in the open distal
end of the shaft 160. The other components are then
threaded through the shaft prior to encasing the electrode
array wrapped core in sheath 154. In other versions of
preparing the invention for use, after the electrode array
wrapped core 152 is encased in sheath 154, shaft 160
is slipped over cable 132, retention bar 158 and steering
cables 256. The distal end of shaft 160 is fitted over rear
anchor tail 214. In either method of assembly, rear anchor
212 is attached to shaft 160 to move with the shaft. The
proximal end of sheath 154, the portion located proximal
to slits 156 and 276, is attached to the rear anchor 212.

III. INSERTION AND DEPLOYMENT

[0077] Delivery and deployment of electrode array 40
of this invention starts with the insertion of an access
cannula into the patient. The cannula is directed to a lo-
cation, medically "a potential space," contiguous to
where the array 40 is to be deployed. Often, a needle,
and a stylet disposed within the needle, are employed to
establish a path to a targeted potential space. This path
is enlarged with dilators. Alternatively, a guide wire is
threaded along this path. The guide wire provides guid-
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ance for the subsequent insertion of the access cannula
along the path. In Figure 22, an access cannula 302 is
shown inserted into the epidural space 304 of an individ-
ual using a paramedian approach. Here, the epidural
space is the potential space for this specific procedure.
The distal end of the access cannula opens toward the
dura 310 of the spine a short distance away from the
surface of the dura over which the assembly 40 is to be
deployed. It should be understood that the structure of
the access cannula 302 is not part of the current inven-
tion. Any tool for creating an opening, a portal, into the
patient that is directed to the location where the assembly
40 is to be deployed may perform the function of access
cannula 302.
[0078] Once the tip of the access cannula 302 is dis-
posed adjacent and directed towards the target tissue,
sheath 154 with the components encased therein, fol-
lowed by shaft 160, is pushed through the lumen of the
cannula 302. Forward force to advance the sheath 154
is applied through shaft 160. This force may come from
a handle (not shown) located outside of the body that is
attached to the proximal end of the shaft 160. Prior to, or
soon after the initiation of these steps, the proximal free
ends of the steering cables 256 are tied to a steering unit,
not illustrated and not part of this invention. This steering
unit selectively places a tension on the steering cables
256. In some versions of the invention, the handle
through which force is transferred to shaft 160 and the
steering unit are an integrated assembly.
[0079] As the sheath-encased electrode array 40 exits
the access cannula, the steering cables 256 are used to
direct the delivery of the array. This is represented in
Figure 23. Specifically, by pulling on one of the cables
256, a proximally directed force is placed on the side of
the front anchor 188 to which the pulled cable is attached.
Rear anchor 212 functions as a fulcrum around which
the pulled on cable 256 bends. In Figure 23, the right
side cable 256 is depicted as the cable subjected to the
pulling force. As a result of the side loading placed on
the front anchor by this pulling, core 152 is flexed to the
side of the pulled cable. More particularly, as a result of
the side loading a moment is created. This moment flex-
es, bends the core links 168 towards that side of the core
152. The bending of the core 152 results in a like bending
of the electrode array 40 folded over the core and the
sheath 154 disposed over both the array and the core.
[0080] Again, it should be appreciated that when the
cables 256 are bent, the bending does not occur in the
portions within the islands 166. The bending, the flexure,
of the cables 256 as well as the core 152 itself, occurs
in bending of the links 168 that connect the islands. Each
island 168 can be considered a mini-fulcrum. This is why,
in Figure 23, cables 256 are not shown as being bent as
continuous curves but rather as a number of short linear
segments that are angled relative to each other. The ver-
tices of the right side cable 256 being called out as cable
sections 274. The vertices of the left side cable being
called out as cable sections 275. Each vertex 274 and

275 is located within a separate one of the core notches
174. Each notch-defining section of core can be consid-
ered a flexure section, a section within the core 152 that
is contiguous with a cable bore 182 that is more flexible
than an adjacent section of the core. When one of the
cables 256 is placed in tension, the cable bends within
these flexure sections.
[0081] As discussed above, the widths of the bridges
54, 56 and 58 adjacent the distal end of the array 40 are
narrower than the widths adjacent the proximal end. The
narrower widths of these distal end sections of bridges
54, 56 and 58, provides the distal end of the array 40 with
increased flexibility that facilitates the ability of the array
to move around obstacles.
[0082] During the forward advancement of the assem-
bly, the assembly may reach a tissue structure around
which it may be difficult to steer. In this event, shaft 160
may be rotated so as to cause a like rotation of sheath
154 and the enclosed array and core 152. Then, by ma-
nipulating the steering assembly, the sheath and com-
ponents encased therein can be flexed vertically, as op-
posed to laterally. This allows the assembly to be steered
over or under the obstruction. By further angling of the
assembly, the assembly may be simultaneously steered
both vertically and laterally.
[0083] This ability to direct the front end of the sheath-
encased array 40 allows the assembly 40 to be steered
away from tissue and structures that would obstruct for-
ward travel. This also allows the electrode array to be
positioned over target tissue off center with respect to
the opening in the access cannula from which the as-
sembly is discharged.
[0084] The ability to direct the front end of the assembly
also reduces the need to force the array and deployment
assembly through tissue between the access cannula
and the target tissue. Not having to force these compo-
nents through the tissue reduces the instances of these
tissues, as a consequence of the delivery process, be-
coming damaged.
[0085] During the process of positioning the sheath-
enclosed electrode array 40 over the target tissue, sur-
rounding tissue may press against the sheath. Alterna-
tively, the sheath may bend or flex. The thickness of the
core 152 prevents these forces from compressing the
folded over electrode array to the point where the elec-
trode array frame 96 plastically deforms. Frame 96 is
prone to such deformation. The limiting of the bending
of array does more than reduce the likelihood that the
frame 96 will plastically deform. It likewise reduces the
likelihood that, as a result of the folding or rolling of the
electrode array, the array components on the frame, the
electrodes and conductors, will similarly plastically de-
form.
[0086] Once the electrode array 40 is positioned over
the target tissue, electrode array 40 is unwrapped from
sheath 154. This process starts by the retraction of the
retention bar 158 from sheath 154. This step is performed
by pulling on the end of retention bar 158 that extends
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outside of shaft 160 or the tether attached to bar 158.
Simultaneously with the retraction of the retention bar
158, it may be necessary to impose a restraining force
on the shaft 160 to prevent the shaft from moving back-
wards with the retention bar.
[0087] As the retention bar 158 is removed, the sheath
is able to open. The potential energy in the assembly
beams 62 is released. This energy pushes the assembly
bridges 54 and 58 outwardly, away from the undersurface
of core 152. As seen by reference to Figure 24, as the
bridges 54 and 58 unfold from the core, the outer edges
of the outer tabs 60 integral with the bridges 54 and 58
push against the adjacent inner surface of the rib 288-
defining section of sheath 154. The outer tabs integral
with bridges 54 and 58 thus act as levers that push the
unfolding electrode array away from rib 288. This causes
tabs 60 integral with bridge 56 to push against sheath
flaps 284. This action pushes the flap 284-defining op-
posed ends of the of the sheath 154 away from each
other.
[0088] Another effect of the levering action of the tabs
60 integral with bridges 54 and 58 is that core 152 is
pushed upwardly, away from sheath rib 288. In Figure
24 and companion Figure 25, the view is looking toward
the proximal end of delivery assembly 150. Accordingly,
in these views the unfolded forwardly directed faces of
the unfolded proximal portion of sheath 154 are seen.
[0089] As the electrode array 40 continues to unfold,
the outer tabs 60 integral with bridges 54 and 58, continue
to move laterally outwardly against the inner surface of
the sheath. This movement by the tabs 60 results in the
continued pushing of the opposed ends of the sheath
154 away from each other. Thus, as depicted in Figure
25, as a consequence of the complete unfolding of the
electrode array 40, the sheath is unwrapped against the
surface of the tissue below the assembly 40. Assembly
bridge 56 and the tabs 60 integral with bridge 56 remain
disposed over core 152. Core 152 remains disposed over
the longitudinally extending middle of the unfolded
sheath 154.
[0090] Owing to how the electrode array was folded,
at this time, the electrodes 42 are downwardly directed,
towards the unfolded sheath 154 and underlying target
tissue, here dura 310.
[0091] Deployment of the electrode array 40 continues
with the extraction of core 152, sheath 154 and anchors
188 and 212. This part of the deployment process in-
volves pulling rearwardly, proximally, on shaft 160. At
this time, to prevent rearward movement of the electrode
array 40, a force is applied to the cable 132 to prevent
rearward movement of the cable and, by extension, the
array.
[0092] As a consequence of shaft 160 pulling the rear
anchor 212 back and the holding of drive module 44 stat-
ic, the rear anchor moves rearward relative to the drive
module. During this process, anchor wedge 244 is driven
underneath the downward face surface of the drive mod-
ule 44, the surface directed towards the underlying tis-

sue. Anchor wedge 244 thus forces the drive module 44
out of the anchor void space 226.
[0093] The rearward displacement of rear anchor 212
results in a like displacement of core 152 and front anchor
212. Since the force applied to cable 132 holds the drive
module 44, the rest of the electrode array 40 is likewise
held static relative to the target tissue. Thus, during an
initial part of this displacement of core 152 and front an-
chor 188 relative to assembly 40, front anchor 188 abuts
the assembly head 72 and shoulders 78. Assembly head
72 and shoulders 78 ride up on anchor ramp 195. As
front anchor 188 continues to move below assembly 40,
the anchor top surface 193 runs under the assembly elec-
trodes 42 integral with bridge 56 as seen in Figures 26A
through 26C. The assembly frame 96, when unfolded, is
wider than front anchor recess 199. Accordingly, the as-
sembly frame 96 and the components attached thereto,
do not fall into anchor recess 199. In Figures 26B and
26C to illustrate the relative positions of electrode array
40, core 152 and the unfolded sheath 154, the core and
sheath are seen "through" the electrode array. In reality,
the components underneath the unfolded electrode array
40 may not be visible.
[0094] As core 152 and front anchor 188 move under
the electrode array 40, the assembly 40 rests on the tis-
sue through which the current will be flowed as is seen
in Figure 26D, here, dura 310. As the distal end of the
array lowers onto the tissue, the array settles on the sur-
rounding tissue. This settling of the array reduces the
extent to which, as the sheath extraction process contin-
ues, a force needs to be applied to cable 132 to hold the
array in place.
[0095] Eventually, front anchor 188 moves below the
assembly drive module 44. Owing to the relative dimen-
sions of the drive module 44 and front anchor recess 198,
the drive module 44 may drop into the recess. Owing to
the presence of the inclined surface that forms the front
end of recess 198, as the anchor travels rearward, the
drive module 44 moves out of the anchor recess.
[0096] During this retraction process, it should be un-
derstood that shaft 160, as well as the steering cables
256 contained therein, are retracted back into the access
cannula 302. Eventually core 152, sheath 154 and an-
chors 188 and 212 likewise approach the distal open end
of the access cannula 302. It should be understood that
the distal end opening of the access cannula 302 is nar-
rower in diameter than the side-to-side width of the un-
folded sheath 154. As a consequence of the geometry
of sheath side slits 276, the unfolded proximal ends of
the sheath have a tapered profile; their widths increase
distally. As the unfolded sheath 160 is drawn into the
access cannula 302 this tapered profile facilitates the
folding of the sides of the sheath into the narrow width
open end of the cannula 302.
[0097] At the end of the deployment process, cable
132 remains in place through the portal in which the ac-
cess cannula was located. The conductors internal to
cable 132 are connected to the IDC 134. During the elec-
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trode array 40 deployment process the IDC 134 may be
implanted during a procedure not part of the current in-
vention. Once the electrode array 40 is connected to the
IDC 134, current is driven between the electrodes 42 so
that the resultant current flow through the tissue provides
the desired therapeutic effect.
[0098] Electrode array delivery assembly 150 of this
invention is thus designed so that, once electrode array
is discharged from the access cannula 302, the array can
be steered to a position either side of the center axis of
the access cannula. This means the access cannula
does not need to be positioned to be in line with the target
tissue. Instead, the array, prior to deployment, can be
positioned in a space contiguous with, though spaced
from, the target tissue and steered over the target tissue.
This invention makes it possible to deploy a large surface
area electrode array using minimally invasive techniques
in locations where previously it may not have been pos-
sible.
[0099] In the described version of the embodiment, the
steering of the core 152 is the result of the bending of
the island-connecting links 168. Islands 166 themselves
are not subjected to appreciable flexure. As mentioned
above, the electrode-carrying tabs 60 are located on the
opposed sides of the islands 166. Accordingly, since the
islands themselves are not appreciably flexed during the
steering process, the array electrodes 42 are likewise
minimally flexed. Thus, this invention is further designed
to minimize the extent that the bending of the electrode
array during steering stresses the electrodes 42.
[0100] Delivery assembly 150 is further designed so
that, when the electrode array 40 is encapsulated in
sheath 154, the array is wrapped around core 152. Col-
lectively, the array and core 152 are shaped so as to,
when the array is in this state, limit the bending of the
array carrier 96. The limiting of the bending of the carrier
prevents the plastic deformation of the carrier. If this de-
formation were allowed to occur, it could limit the ability
of the array 40, to when released from the sheath 154
unfold into the desired deployed state.
[0101] During the steering of core 152, the portions of
the assembly bridges 54, 56 and 58 over the opposed
faces of the core links 168 are subjected to flexure in-
duced bending. The tab free edges of the bridges and
the conductors 88 on these sections are relatively close
to the longitudinal axis, the neutral axis of the core 152.
More specifically, the bridges 54, 56 and 58 are ideally
centered over the longitudinal axis of the core 152. As-
suming a maximum bridge width of 0.8 mm this means
that the outer side surface of a bridge 54 56 or 58 is no
more than 0.5 mm away from the longitudinal axis of the
core. The reason the distance is not simply one-half the
bridge width is to account for any imprecision in the align-
ment of the bridges over the core. Given the proximity of
these components of the array 40 to the axis around
which the array is bent, they are minimally stressed dur-
ing the flexture of the array. This minimal flexing of these
components reduces the likelihood of their breakage. Ac-

cordingly, this flexure of the electrode array 40 is not likely
to damage the assembly.
[0102] Still another feature of the assembly of this in-
vention is that the electrode array 40 remains encased
in the sheath 154 until the assembly 40 and sheath 154
are disposed over the target tissue. This reduces the like-
lihood that, as the assembly 40 is moved towards the
target tissue, contact with adjacent tissue can damage
the assembly 40 or vice versa.

IV. ALETERNATIVE EMBODIMENT

[0103] Figures 27 and 28 illustrate how electrode array
40 is encased in an alternative delivery assembly 302 of
this invention. Delivery assembly 302 includes a flexible
core 308 formed partially from a doubled over length of
wire. Array 40 is wrapped around core 308. As seen in
Figures 28 and 29, two spacers 304 and 306 extend over
opposed sections of the core-forming wire. One spacer,
a proximal spacer 304, is proximal to the array 40. The
second spacer, distal spacer 306, is spaced distally for-
ward of spacer 304 and. When the array 40 is wrapped
around core 308, drive module 44 is disposed between
the proximal and distal spacers 304 and 306, respective-
ly. A head 310 is the most forward component of delivery
assembly 302. Head 310 is the component around which
wire 320 that forms core 308 is looped.
[0104] Also part of delivery assembly 302 is sheath
314. Sheath 314 extends over the folded over array 40
and the underlying core 308. Disposed inside sheath 314
are steering cables 316. During the deployment process,
tensions are placed on the steering cables 316. These
tensions flex, steer, the sheath 314 so as to result in
simultaneous steering of the encased array 40 and core
308.
[0105] Core 308, now described with respect to Fig-
ures 29 and 40, is formed from wire 320 that has a number
of sections. In one version of the invention, wire 320 is
stainless steel wire that has a diameter of 0.2 mm. Wire
320 is bent to have two elongated parallel sections 321,
(one identified in Figure 35), that are parallel to each oth-
er. A sleeve 322 formed from electrically insulating ma-
terial is disposed over each wire section 321. Each sleeve
322 is formed from a flexible polymer and has an outer
diameter of approximately 1.5 mm. More particularly,
wire 320 and sleeves 322 are shaped so that when the
array 40 is wrapped around the core 302 each bridge 54,
56 and 58 is disposed over the longitudinal axis that ex-
tends between and parallel with sleeves 322. Each pair
of electrode-supporting tabs 60 at least partially subtends
one of the sleeves 322. When the array 40 is so wrapped
the beams 62 conform around the outer surfaces of the
sleeves 322. Sleeves 322 are dimensioned such that,
when the array beams 62 are so wrapped, the beams
are not bent to the extent that the beams undergo plastic
deformation.
[0106] Delivery assembly 302 is further formed so that
the additional parallel sections, sections 325, of the core-
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forming wire 320 extend proximally rearward of proximal
spacer 304. Wire sections 325 extend to an driver, not
illustrated and not part of this invention. The driver is the
device used to advance the encased in delivery assembly
302 array 40 in the patient towards the tissue against
which the array is to be deployment. The driver also in-
cludes the assembly used for positioning the encased in
delivery assembly array over the tissue against which
the array is to be deployed. Typically the driver is de-
signed to be held in one hand so the practitioner using
control members mounted to the driver both advances
and steers the delivery assembly 302 and array 40 en-
cased therein.
[0107] A sleeve 323 extends over each wire 320 prox-
imal section 325. Sleeves 323 are formed from the same
material as and have the same dimensions as sleeves
322. Each sleeve 323 extends distally forward from the
driver over the associated wire section 325. (In Figure
27, sleeves 323 are omitted for ease of illustration.) Each
sleeve 323 has a distal end that terminates at location
approximately 2 mm rearward of the rearwardly directed
face of the adjacent proximal spacer 304.
[0108] Proximal spacer 304, now described by refer-
ence to Figure 30 is formed from a single piece of bio-
compatible plastic such as nylon. Spacer 304 is shaped
to have two cylindrically shaped fingers 324. Fingers 324
are oriented relative to each other such that the longitu-
dinal axes of the fingers are parallel. A web 326 extends
between and connects the fingers 324. The proximal
spacer 304 is shaped so the one face of the web 326
extends along a line that is a common tangent line to the
outer surfaces of the fingers. The opposed face of the
web 326, the face visible in
Figure 30, has a concave profile. This concave face of
the web 326 thus defines a U-shaped groove 328 that is
centered over and extends longitudinally above the web.
Groove 328 is dimensioned to receive the cable 132 ex-
tending from array 40.
[0109] The proximal spacer 304 is further formed so
that a bore 330 extends through each of the fingers 324.
Each bore 330 extends axially longitudinally through the
finger 324 with which the bore is integral. Each bore 330
is dimensioned to receive a section of the core-forming
wire 320, (wire section not identified).
[0110] Distal spacer 306, now described by reference
to Figures 31-33, is formed from the same material from
which proximal spacer 304 is formed. The distal spacer
306 is generally in the form of block of material with par-
allel opposed planar top and bottom surfaces 334 and
336, respectively. While surfaces 334 and 336 are par-
allel, top surface 334 is shorter in length than bottom
surface 336. Extending longitudinally between the top
and bottom surfaces 334 and 336, respectively, spacer
304 has side surfaces 338. Side surfaces 338 which are
symmetric with each other, have a convex profile such
that they extend outwardly from top surface 334 and bot-
tom surface 336.
[0111] The distal spacer 304 is further shaped to have

a proximally directed face 340. Proximally directed face
340 extends diagonally downwardly and proximally from
top surface 334. Proximally directed face 340 does not
extend to the proximal end of bottom surface 336. In-
stead, a rim 342 extends a short distance upwardly from
the proximal end of bottom surface 336 to the adjacent
end of proximally directed face 340. Rim 342 has an outer
surface that curves upwardly and distally from the prox-
imal end of bottom surface 336. A distally directed face
344 forms the distal end of spacer 304. Distally directed
face 344 extends perpendicularly between top surface
334 and bottom surface 336.
[0112] Two parallel bores 346 extend longitudinally
through distal spacer 304. Bores 346 have the same di-
ameter as proximal spacer bores 330. Bores 346 are
spaced apart the same distance which bores 330 are
spaced apart. The opposed ends of bores 346 open into
proximally and distally directed faces 340 and 344, re-
spectively, openings not identified. The distal spacer 304
is further formed so that below where each bore 346
opens into the proximally directed face 340 there is a
notch 348 in the spacer. Notches 348 thus extend up-
wardly from the spacer bottom surface 336 to the proxi-
mally directed face 340.
[0113] Head 310 may be formed from the same mate-
rial from which spacers 304 and 306 are formed. As seen
in Figure 34, head 310 is formed to have a base 352.
Base 352 has an oval cross sectional shape. The major
axis of base 352 is approximately equal to the distance
across the outermost surfaces of the two parallel sleeves
322. Forward of base 352, head 310 has a nose 354.
Nose 354 has an oval cross sectional shape. Adjacent
base 352 the major and minor axes of nose 354 are great-
er than that of the base. Extending distally forward, the
diameters of the nose decrease and merge into a tip 356
with a rounded surface.
[0114] The head 310 is formed to have a U-shaped
bore 358, shown in phantom. Bore 358 has an opening
on one side of the proximally directed face of base 352
and extends into nose 354. Head 310 is further shaped
so that bore 358 curves around to have a second opening
in the opposed side proximally directed face of base 352.
Bore 358 is dimensioned to receive the core-forming wire
320. AS discussed below, head 310 may be molded in
place over wire 320. The molding of the head 310 in place
serves to define bore 358.
[0115] Sheath 310 of delivery assembly 302 is formed
from a biocompatible polymer such as nylon. As seen
best in Figures 36 and 41, sheath 310 has a generally
oval cross sectional shape. More particularly, the sheath
is shaped to have parallel top and bottom panels 362 and
364, respectively. Panels 362 and 364 each have a thick-
ness of approximately 0.15 mm. Side panels 366 extend
between the top and bottom panels 362 and 364, respec-
tively. Each side panel 366 curves outwardly relative to
the edges of the adjacent top and bottom panels 362 and
364. Generally the side panels 366 are thicker than the
top and bottom panels 362 and 364, respectively. Sheath
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310 is further formed so that each side panel 366 has an
inwardly extending rib 368. Each rib 368 projects away
from the side panel 366 with which the rib is associated
so that ribs are directed toward each other. A bore 370
extends through each rib 368.
Bores 370 thus extend longitudinally through the op-
posed sides of sheath 310.
[0116] Sheath 314 is shaped so that the minor axis in
the lumen 315 defined by the sheath, the distance be-
tween the adjacent inner faces of top panel 362 and bot-
tom panel 364 is slightly greater than the width across
the array 40 when folded over the core 308. In some
versions of the invention, this lumen width is approxi-
mately 0.5 mm greater than the distance between the
outer surface of bridge 56 and the outer surface of the
outer of the two folded under bridges 54 or 58. This lumen
width is such that, when the array is disposed in the
sheath 314, the lumen prevents the superelasticity of the
carrier from unfolding the array 40. In Figures 37-40, for
ease of illustration, gaps are shown between the outer
surface of bridge 56 and the adjacent inner surface of
the sheath and between the bridge 58 and the sheath.
[0117] Delivery assembly 302 is constructed so that
sheath 314 extends proximally rearward from the proxi-
mal spacer 304. More particularly, the delivery assembly
302 is constructed to extend over the proximal sections
325 of wire 320. In some versions of the invention, sheath
314 extends back to the driver.
[0118] Each steering cable 316 is disposed in a sepa-
rate one of the sheath bores 370. Each cable 316 is
formed from stainless steel and has a diameter of 0.15
mm. Cables 316 extend out from the proximal end of
sheath 314 and are connected to the steering assembly.
Each steering cable 316 extends through the associated
bore 370 to the distal end of the bore.
[0119] An anchor 374 holds the distal end of each
steering cable 316 in the distal end of the associated
sheath bore 370. In one version of the invention, the an-
chor 374 comprises a strand of wire wrapped around the
distal end of the cable 318. This wire may be a preformed
coil spring. Solder secures the spring to the steering cable
316. Consequently the anchor 374, as depicted in Figure
36B has an outer diameter larger than that of the steering
cable 316. In Figure 36b for ease of illustration the an-
chors 374 are seen simply as large diameter plugs at the
end of the cables 316 with which the anchors are integral.
The outer diameter of each anchor 374 is, relative to the
sheath bore 370, sufficiently large so that the portion of
the sleeve that defines the bore holds the anchor in place.
In some versions of the invention, an adhesive, such as
epoxy, is further used to hold each anchor 374 in the
distal end of the associated sheath bore 370.
[0120] A sleeve 376 extends longitudinally over each
cable 316. Sleeves 376 are formed from stainless steel
or other material that is less flexible than the encased
steering cables 316. Collectively, sheath 314, cables 316
and sleeves 376 are constructed so that the sleeve en-
cased cables can seat in sheath bores 370. While not

apparent in the drawings, in many versions of the inven-
tion, the components forming delivery assembly 302 are
constructed so that there is clearance between the outer
surface of each steering cable 316 and the adjacent inner
wall of the surrounding sleeve 376. This clearance may
be 0.05 mm. This clearance facilitates the movement of
the cable 316 in the sleeve. There is also a clearance
between the outer surface of the sleeve 376 and the ad-
jacent internal wall of the sheath 314 that defines the
bore 370 in which the sleeve is seated. This clearance
facilitates the seating of the sleeve 376 in the bore. In
some versions of the invention, the outer diameter of
each sleeve 376 is 0.05 mm relative to the sheath bore
370 in which the sleeve 376 and associated cable 316
is seated.
[0121] Each sleeve 376 extends distally forward from
the driver or other steering assembly from which delivery
assembly 302 extends. Sleeves 376 do not over the
whole of steering cables 316. Instead, the sleeves 376
terminate at a location proximal to the proximal spacer
304. In the illustrated version of the invention each sleeve
376 terminates in sheath 314 at a location that is approx-
imately 5 mm proximal to the proximal end of proximal
spacer 304.
[0122] Flexible core 308 of this invention can be con-
structed by first bending wire 320 to define the two sec-
tions 321 and the two sections 325. Head 310 can be
molded in place over the bend in the wire 320 from which
wire sections 321 proximally extend. Sleeves 322 are
then fitted over wire section 321. First, distal spacer 306
and, then, proximal spacer 304 are fitted over the sec-
tions of wire 320 distal to wire sections 321. The sections
of wire 320 between spacers 304 and 306 are bent so
as to form a cradle 380. More particularly, each section
of wire is bent so as to have: a portion adjacent the prox-
imal spacer bore 330 that extends downwardly; a portion
that is parallel to and laterally spaced apart from the dis-
tally located wire section 321; and a portion that extends
upwardly into the adjacent bore 346 of the distal spacer
306, (individual portions not identified). Cradle 380 is
shaped to define a space 382 between spacers 304 and
306 in which, when the array drive module 44 can seat.
[0123] Electrode array 40 is wrapped around core 308
as seen in Figure 28. In Figure 28, the array beams 62
as well as the sections of sleeves 322 between the beams
are visible. Also visible are the end sections of distal spac-
er proximally directed face 340. These components are
shown in this Figure in part to show the relative relation-
ships between the components of the array 40 and the
components of the delivery assembly 302.
[0124] More particularly, the electrode array 40 is po-
sitioned so that bridge 56 is seated over core 308 so that
the drive module 44 seats in space 382 above cradle 380
as seen in Figures 28 and 39. As consequence of this
seating of drive module 44, as seen in Figures 28 and
39, the cable 132 that extends from the drive module 44
seats in proximal spacer groove 328 as seen in Figures
28 and 38. Array 40 is wrapped so that first one of bridge
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54 or 58 is positioned against the surfaces of core sleeves
322 opposite the surfaces on which bridge 56 rests. Then,
the other of bridge 58 or 54 is wrapped against the first
wrapped bridge.
[0125] During the process of wrapping the array 40
around the core, the array beams 62 are curved around
the outer surfaces of sleeves 322, best seen in Figure
40. The diameter of sleeves 322 is such that the beams
are not curved to such an extent that the array frame 96
undergoes plastic deformation.
[0126] Also during the process of wrapping the array
40 around core 308, array feet 53 and 57 and legs 50
and 52 are wrapped around distal spacer side surfaces
338. The distal spacer 306 is formed so that the wrapping
of these sections of the array around the spacer again,
do not plastically deform the array.
[0127] Once the array 40 is wrapped around core 308,
sheath 314 is slipped over the array and core 308. The
sheath 314 is moved distally forward so the distal end of
the sheath is located adjacent the proximally directed
step between head base 352 and head nose 354. The
fitting of array 40 and core 308 in sheath 314 completes
the encasement of the array 40 in the delivery assembly
302.
[0128] The delivery assembly-encased-array is then
attached to the insertion device. As part of this process,
the ends of the steering cables 316 are often attached
to an assembly able to place/release tensions on the ca-
bles individually. The insertion device is employed to in-
sert the delivery assembly-encased-array in the patient.
Specifically, the array 40 is positioned ideally over or at
least proximal to the target tissue over which the array
is deployed.
[0129] If the array needs to be positioned over the tar-
get tissue a force is placed on wire section 325. Typically
this force is a pushing force. This force pushes the core
308, the array 40 and the sheath 314 forward, towards
the target tissue.
[0130] During the positioning of the array, it may be
necessary to steer the array laterally. In this situation, a
tension is placed on one of the steering cables 316. The
anchored distal end of the cable 316 pulls on the adjacent
end of sheath 314. The sleeve 376 in which the cable
316 is partially encased limits the extent to which the
encased section of cable can flex. Distal to sleeve 376,
the cable 316 is able to more freely flex. Thus, the sleeve
free distal end of each core bore 370 can be considered
the flexure section, the portion of the sheath 314 within
which the cable in tension bends. The bending of cable
316 results in a like bending of the distal end of sheath
314 and its contents, array 40 and core 308. This bending
of sheath 314 and its contents is the steering of delivery
assembly 302. By selective advancement and steering
of the sheath, delivery assembly 302 is positioned so that
array 40 and core 308 are disposed over the tissue over
which the array 40 is to be deployed.
[0131] Once the array 40 is properly positioned, the
deployment process continues with the extraction of

sheath 314. This step is accomplished by pulling proxi-
mally on the sheath 314 so it retracts away from core
308. To prevent the retraction of the array 40 and core
308 it may be necessary to simultaneously impose a re-
straining force of the proximal ends of wire sections 325.
The retraction of the sheath 314 away from core 308
frees the array 40. Since the array 40 is no longer con-
strained, the potential energy in the folded carrier 96 is
released. This energy unfolds the array from core 308.
This process is essentially identical to the process de-
scribed with respect to Figures 24 and 25 with regard to
the array 40 and core 152.
[0132] Once the array 40 is unfolded, core 308 is ex-
tracted away from the target tissue. This step is per-
formed by pulling proximally on wire sections 308. During
the initial part of this step, core head 310 moves under
array head 70 (Figure 1) and distal spacer 306 moves
under array drive module 44. Owing to the array 40 being
in bowed state, there is a clearance between the array
head 70 and core head 310. This clearance allows the
core head 70 to move below the array 40. There may not
be a clearance between drive module 44 and distal spac-
er 306. If there is no clearance between these two com-
ponents, the drive module 44 rides up on the angled prox-
imally directed face 340 of the distal spacer. This allows
spacer 306 to travel freely under the drive module 44.
[0133] As core 308 is retracted, the head 310 moves
below the drive module. There is a clearance between
the drive module and the head that allows the head to
move freely. Once the core 302 is removed from the pa-
tient, array 40 can be considered implanted and de-
ployed. Currents can be driven between the array elec-
trodes, through sections of the target tissue, in order to
provide the patient the beneficial effect of the current flow.
[0134] Relative to steering cable 256 of delivery as-
sembly 150, cables 316 of assembly 302 are located fur-
ther from the longitudinal axis of the sheath encapsulated
array 40. Consequently, in comparison to when one of
the cables 256 is tensioned, when one of the cables 316
is tensioned, there is a greater flexure, bending of the
array 40. This increased bending of the array improves
the ability of the practitioner to steer around objects that
impede the advancement of the array 40.
[0135] Core 308 of delivery assembly of this invention
is formed out of two sections 321 of one wire 320. When
the core 308 is bent, steered, since wire sections 321 are
separate from each other, they are able to bend inde-
pendently. This means the core of this version of the in-
vention is itself more flexible than a core that is formed
out of unitary body having the same width as the com-
bined width of the wire sections that form core 308. This
flexibility further contributes to the steerability of the de-
livery assembly and array of this invention.
[0136] Core 308 does not have the islands 166 of core
152. Islands 152 limit the flexibility of core 152. This re-
duced flexibility may, in some instances, be useful to pre-
vent excessive damage-causing bending of the array. It
has been found that the sections of the array bridges
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54-58 from which tabs 60 extend are, owing to the pres-
ence of the tabs themselves relatively inflexible, (in com-
parison to the tab free sections of the bridges.) This in-
herent flexibility of the array has been found to be suffi-
cient to prevent the bending of the array to such a degree
that the electrodes formed 40 on the array may become
damaged.
[0137] Further it is believed that it is relatively econom-
ical to fabricate the components that form delivery as-
sembly 302 of this invention.

V. FURTHER ALTERNATIVE EMBODIMENTS

[0138] It should be understood that the foregoing is
directed to specific versions of the invention and that oth-
er versions of the invention may have features different
from what has been described.
[0139] For example, it should be understood that there
is no requirement the delivery assembly always be used
with the above-described electrode array. An electrode
array used with the delivery of this invention may be
shaped differently from what has been described. Simi-
larly, there is no requirement that delivery assembly be
used with an electrode array that is foldable. Thus in
some versions of the invention, the core serves as a sup-
port bed for an electrode array that does not unfold. The
core or sheath is steered to the target tissue against
which the array is to be disposed. Thus the delivery as-
sembly could be used with an electrode array that is cy-
lindrical and that includes a number of arcuately shaped
electrodes that extend partially or completely circumfer-
entially around the circumference of the device. Likewise,
the delivery assembly could be used to deploy an elec-
trode array that includes a single flat electrode or a single
set of longitudinally aligned electrodes. Likewise, in some
versions of the invention, the width of the bridges of the
electrode array may not vary along the length of the as-
sembly.
[0140] Similarly, this delivery assembly could be used
with electrode arrays that do not have the drive module
or other component necessary for the operation of the
array mounted on the surface of the carrier.
[0141] It should therefore be appreciated that not allow
electrode arrays of this invention be provided with carri-
ers that are superelastic. Most, if not all of the electrode
arrays will at least have carriers that are flexible.
[0142] Similarly, this invention can be used to deliver
an electrode array wherein, instead of the current flowing
between the electrodes, the current is flowed to the case
of a metal housing for the IDC 134. Likewise, in some
versions of the invention, electrodes may be disposed
on the opposed sides of the complementary support
frame.
[0143] It may be desirable to adjust the widths of the
array beams 62 to adjust of energy they store and sub-
sequently release during the unfolding process.
[0144] Furthermore, in some versions of the invention,
the energy for unfolding the sheath 154 may not be en-

tirely stored in the electrode array. Thus, in some versions
of the invention, embedded in the sheath are superelastic
ribs that extend laterally across the sheath. These ribs,
in the deployed state are flat. The ribs could even have
a reverse curvature, that is, a curvature opposed the di-
rection in which the sheath is wrapped around the elec-
trode array. The wrapping of the sheath around the elec-
trode array stores potential energy in these constrained,
wrapped ribs. As a consequence of the release of the
opposed sides of the sheath from each other, this poten-
tial energy is released to unwrap the sheath. These ribs
may be the sole force of sheath-unwrapping energy or
supplement the unwrapping force released by the unfold-
ing of the electrode array.
[0145] It should similarly be appreciated that the
sheath 154 of assembly 150 may be combined with core
308 of assembly 302. Core 152 may be combined with
sheath 314. A sheath with embedded steering cables
316 may be provided with a slit and complementary re-
taining member similar to slit 156 and retaining bar 158
of sheath 154. Similarly, the steering cables 256 may,
like the steering cables 316 of delivery assembly 302 be
two sections of the same wire. The wire may be bent
around front anchor 188. The bent distal end of the steer-
ing cable-forming wire is then secured to the anchor. The
advantage of having the steering cables 256 and 316
formed out of bent wire is that it increases the liability of
the assembly 152 or 302.
[0146] Likewise, there is no requirement that in all ver-
sions of the invention, sheaths 154 and 314 be shaped
so that their outer profiles, when folded are elliptical. How-
ever, it is believed that in many preferred versions of the
invention, the sheath will have an elliptical shape. This
is because this shape, for many applications, minimizes
the size of the portal that needs to be formed in order to
deliver the electrode array. Also for many applications of
this invention, the elliptical shaped array is one that has
a relatively small height, in comparison, to a circular cross
section. This small height allows the assembly to be de-
livered through spaces that themselves are of narrow
heights. More particularly, it is believed in many versions
of this invention the major axis of the sheath 154 or 308
when disposed over the array and core is a maximum of
6 mm and often 5 mm or less.
[0147] It should be appreciated that alternative deploy-
ment assemblies of this invention could have more or
fewer components than the described version. For ex-
ample, in some versions of the invention, the structural
features of the front and/or rear anchor may be built di-
rectly into the core. Likewise, there is no requirement that
in all versions of the invention, the core include the de-
scribed notches so as to facilitate the flexibility of the core.
[0148] The shapes of the various components may al-
so be different from what has been described. Thus, the
core 152 may have cross sectional shapes different from
what has been described, such as an elliptical cross-
section. Alternatively, the assembly may be constructed
so that the core notches are partially filled. The compo-
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nents filling the core may be more flexible that the island-
defining portions of the core. The arrangement of these
components, which may be integrally formed with the
core, could improve torsional stiffness of the core. Im-
proving the torsional stiffness increases the extent to
which the core, when steered, turns to the side as op-
posed to twists. Also the durometer, the flexibility, of the
material forming the core may change along the length
of the core. When the core holds the steering cables,
these sections of the core formed from material of in-
creased flexibility may be considered the flexure sections
of the core.
[0149] The dimensions of the components may vary
from what has been described above. For example, in
versions of the invention wherein the array frame-forming
superelastic material is relatively thick, the top to bottom
thickness of the core would need to increase. In versions
of the invention wherein the array frame-forming supere-
lastic material is relatively thin, the top to bottom thick-
ness of the core could decrease. Again, the key variable
is to provide a core that provides sufficient support to
prevent the folded-over electrode array 40 from under-
going plastic deformation.
[0150] In some versions of the invention a flexible tube
(not illustrated) is fitted over the portion of cable 132 dis-
posed in shaft 160. This tube, while being bendable from
its longitudinal axis, can withstand some loading along
the longitudinal axis without bending. This tube may be
made of material such as polyimide. The tube may be
positioned to abut the proximally directed face of drive
module 44. This tube may be used to push the assembly
towards the target tissue.
[0151] Similarly core 308 may have constructions dif-
ferent from what has been described. Thus instead of
the independently flexible members forming the core be-
ing sleeve encased wires, the members may be solid
cylinders or hollow tubes of plastic. Likewise, this inven-
tion is not limited to assemblies wherein the core 308
consists of just two parallel independently flexible mem-
bers. Versions of the invention with three or more flexible
members forming the core also fall within the scope of
this invention. This includes versions of the invention
wherein the flexible members are in a common plane.
This version of the core may be useful if the electrode-
supporting bridges of the array are relatively wide. The
three or more flexible core-forming members would pro-
vide support for the wide bridges will collectively forming
a core that is relatively flexible. Alternatively, the core-
forming flexible members may not all be parallel. For ex-
ample three sleeve encased wire sections 321 may be
arranged in a triangle. An advantage of this version of
the invention is that it reduces the angle of the arc around
which the bridge-connecting beams need to be wrapped.
Reducing this arc again serves to reduce the likelihood
that such bending of the beams results in their plastic
deformation.
[0152] Moreover, the invention is not limited to assem-
blies with two steering cables. It may be possible to pro-

vide a version of this invention with a single steering ca-
ble. This would allow steering in a single direction. Then,
if it is necessary to steer the delivery assembly in a sec-
ond direction, the assembly would have to be rotated so
it could be steered. In some versions of the invention
three or more steering cables may be provided. By pro-
viding three or more cables, the delivery assembly could
be simultaneously steered vertically and horizonatally.
[0153] Similarly, the structural features that define the
flexure sections of the core or sheath may be different
from what has been described. For example, it may be
desirable to encase a steering cable in a sleeve with sec-
tions of varying flexibility. For example, the sleeve may
be designed so that extending towards the distal end of
the sleeve, the sleeve is progressively more flexible. This
type of sleeve can be provided by forming sections of the
sleeve out of different materials and/or varying the diam-
eter of the sleeve. Alternatively, in versions of the inven-
tion wherein the steering cables are encased in the
sheath, discrete sections of the sleeve may cover sepa-
rate sections of the cables. These discrete sleeve sec-
tions are spaced apart from each other. This thus defines
in the sheath a number of spaced apart flexure sections.
[0154] Furthermore, while the assembly of this inven-
tion can be percutaneously inserted in the patient, its use
is not so limited. Other minimally invasive procedures
may be used to initially position the sheath-containing
electrode array of this invention in the body.
[0155] Thus, it is an object of the appended claims to
cover all such variations and modifications that come
within the true spirit and scope of this invention.
[0156] The following examples also pertain to the
scope of the present application:

1. An electrode array and delivery assembly com-
prising: a core (152, 308) having a distal end; an
electrode array (40) supported by the core, the elec-
trode array including a carrier (96) and a plurality of
electrodes (42) disposed on the carrier; a sheath
(154, 314) disposed over the core and the electrode
array, the sheath having a distal end, characterized
in that: at least one flexible steering cable (256, 316)
that extends through a bore (172, 370) in the core
or the sheath, each steering cable having a distal
end located adjacent the distal end of the core or
sheath; and wherein the core or sheath (154, 314)
is formed with at least one flexure section along the
bore (172, 370) through which said at least one steer-
ing cable (256, 318) extends, wherein relative to an
adjacent section of the core or sheath that defines
the bore, the flexure section is more flexible so that,
a tension on the one said steering cable results in
the cable bending in the flexure section so as to result
in a like bending of the core, the electrode array and
the sheath.

2. The electrode array and delivery assembly of Ex-
ample 1, wherein said core consists of two parallel
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members (321) that are able to flex independently
of each other that are connected at their distal ends
to a common head (310).

3. The electrode array and delivery assembly of Ex-
ample 2 wherein, said core parallel members (321)
are formed from wire.

4. The electrode array and delivery assembly of Ex-
ample 2, wherein: said parallel members (321) form-
ing the core (308) have sections (325) that extend
beyond a proximal end of the electrode array (40);
and the sheath (314) extends proximally beyond the
proximal end of the electrode array so as to extend
over the parallel members that extend proximally be-
yond the electrode array.

5. The electrode array and delivery assembly of any
one of Examples 1 through 4, wherein: the sheath
(314) includes a plurality of bores (370) that extend
longitudinally through said sheath, each bore being
spaced inwardly from the sheath inner and outer
walls; and each said steering cable (316) is located
in one of the sheath bores.

6. The electrode array and delivery assembly of Ex-
ample 5, wherein the sheath (314) defines a lumen
(315) in which the core and the electrode array are
disposed, ribs (368) that extend inwardly into the lu-
men and the bores (370) in which said steering ca-
bles (316) are located extend longitudinally through
the ribs.

7. The electrode array and delivery assembly of any
one of Examples 1 through 6, wherein: the sheath
(154) is formed to define a slit 156 that extends lon-
gitudinally along at least a portion of the sheath that
extends over the array and core; and a retention
member (156) is releasably mounted to the sheath
to hold the slit closed so that, when the retention
member is in place, the sheath extends around the
electrode array and core and when the retention
member is removed, the sheath is able to unfold.

8. The electrode array and delivery assembly of any
one of Examples 1, 5, 6, 7, wherein the core (152)
is an elastomeric member.

9. The electrode array and delivery assembly of Ex-
ample 8, wherein: the core (152) is formed with lon-
gitudinally extending bores (172); and said steering
cables (256) are disposed in the bores of the core.

10. The electrode array and delivery assembly of
either one of Examples 8 or 9 wherein the core is
shaped to have: a plurality of longitudinally spaced
apart islands (166), the islands having a width; and
a link (168) located between adjacent islands, the

links having a width less than the width of the islands.

11. The electrode array and delivery assembly of
any one of Examples 1 through 10 wherein: the elec-
trode array has a drive module (44) that extends from
the carrier; and attached to a proximal end of the
core (152, 308) is at least one structural member
(212, 304, 306, 380) that defines a space (212, 382)
in which the drive module is seated when the elec-
trode array is supported by the core (152, 308).

12. The electrode array and delivery assembly of
Example 11, wherein said structural member (212,
308) that defines the space in which the array drive
module is seated includes an inclined surface (244,
340) over which the array drive module (44) can ride.

13. The electrode array and delivery assembly of
any one of Examples 11 or 12 wherein: a cable (132)
extends proximally rearward from said electrode ar-
ray drive module (44); and said structural member
(212, 304) that defines the space in which the array
drive module is seated is formed with a groove (218,
328) in which the drive module cable is seated.

14. The electrode array and delivery assembly of
any one of Examples 1 through 13, wherein: the elec-
trode array includes a number spaced apart of bridg-
es (54, 56, 58) on which the electrodes (42) are
mounted and flexible beams (62) that extend be-
tween the bridges; and the electrode array is
wrapped around the core (152. 308) so that that the
longitudinal axes of the bridges and beams are par-
allel.

15. The electrode array and delivery assembly of
any one of Examples 1 through 14, wherein the core
or sheath (152, 314) through which the at least one
steering cable (256, 316) extends is formed to have
a number of longitudinally spaced apart flexure sec-
tions through which said steering cable extends.

16. The electrode array and delivery assembly of
any one Example 1 through 15, wherein the core or
sheath (152, 314) is formed from material through
which the at least one steering cable (256, 316) ex-
tends is formed from material with a flexibility that
changes along its length such that portions of re-
duced flexibility function as the core or sheath flexure
sections.

17. The electrode array and delivery assembly of
any one of Examples 1 through 16, wherein the max-
imum diameter of the sheath (154, 34) is 6 mm.

18. An electrode array and delivery assembly com-
prising: a core (152, 308) having a distal end; an
electrode array (40) supported by the core, the elec-
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trode array including a carrier (96) formed from flex-
ible material and a plurality of electrodes (42) dis-
posed on the carrier; a sheath (154, 314) disposed
over the core and the electrode array, the sheath
having a distal end, characterized in that: sections
(62) of the electrode array (40) are wrapped around
the core (153, 308); and the core (152, 308) is
shaped to have surfaces (165, 322) around the sec-
tions of the electrode array are wrapped that are
shaped, so that when the array sections are so
wrapped, the array sections are not subjected to
plastic deformation.

19. The electrode array and delivery assembly of
Example 18, wherein: the electrode carrier is shaped
to have a plurality of spaced apart bridges (54, 56,
58) to which the electrodes (42) are mounted and a
plurality of beams (62) that extend between the
bridges; and the core (152, 308) is formed with at
least one side surface (165) against which the elec-
trode carrier beams are wrapped, the side surface
being dimensions so that when the carrier beams
are so wrapped the beams are not subjected to plas-
tic deformation.

20. The electrode array and delivery assembly of
Example 19, wherein: the core is formed to have
opposed generally planar top and bottom surfaces
(163) wherein the side surfaces (165) extend be-
tween the top and bottom surfaces; and the electrode
carrier is wrapped around the core so that the bridges
are disposed over the core top and bottom surfaces.

21. The electrode array and delivery assembly of
any one of Examples 18 through 20, wherein the
core (152) is formed from a single flexible member.

22. The electrode array and delivery assembly of
any one of Examples 18 through 21, wherein the
core (308) is formed from a plurality of wire sections
(321).

23. The electrode array and delivery assembly of
Example 22, wherein the wire sections (321) forming
said core are coplanar.

Claims

1. An electrode array and delivery assembly compris-
ing:

a core (152, 308) having a distal end;
an electrode array (40) supported by the core,
the electrode array including a carrier (96)
formed from flexible material and a plurality of
electrodes (42) disposed on the carrier;
a sheath (154, 314) disposed over the core and

the electrode array, the sheath having a distal
end,
characterized in that:

sections (62) of the electrode array (40) are
wrapped around the core (153, 308); and
the core (152, 308) is shaped to have sur-
faces (165, 322) around which the sections
of the electrode array carrier are wrapped
that are shaped, so that when the array sec-
tions are so wrapped, the electrode array
carrier is not subjected to plastic deforma-
tion.

2. The electrode array and delivery assembly of Claim
1, wherein:

the electrode carrier (96) is shaped to have a
plurality of spaced apart bridges (54, 56, 58) to
which the electrodes (42) are mounted and a
plurality of beams (62) that extend between ad-
jacent bridges; and
the core (152, 308) is formed to have opposed
and spaced apart side surfaces (165, 322)
wherein, at least one side surfaces (165, 322)
is curved and the electrode carrier beams (62)
are wrapped around the curved side surface so
that when the carrier beams are so wrapped,
the beams are not subjected to plastic deforma-
tion.

3. The electrode array and delivery assembly of Claim
2, wherein when the electrode array is wrapped
around the core: a first one of the electrode carrying
bridges (45) is disposed over a first surface (163) of
the core; the beams connecting the first electrode
carrying bridge to a second electrode carrying bridge
(54, 58) are disposed against the curved side surface
(165); and the second electrode carrying bridge is
disposed against a surface of the core opposite the
surface of the core opposite the surface against
which the first electrode carrying bridge (56) is dis-
posed wrapped around the said electrode.

4. The electrode array and delivery assembly of Claims
2 or 3, wherein:

the electrode array carrier (96) includes tabs
(62) that extend outwardly from the bridges (54,
56, 58);
the electrodes (42) are mounted to the carrier
tabs (62); and
when the electrode array is wrapped around the
core (152, 308), the electrode carrying carrier
tabs (60) extend outwardly from beams (62)
wrapped around the core side surface (165,
320).
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5. The electrode array and delivery assembly of Claims
2, 3 or 4, wherein:

the core (152) is formed to have opposed gen-
erally planar top and bottom surfaces (163) that
extend between the side surfaces (165); and
the electrode carrier (96) is wrapped around the
core so that the bridges (54, 56, 58) and elec-
trodes (42) are disposed over the core top and
bottom surfaces.

6. The electrode array and delivery assembly of any
one of Claims 1 through 5, wherein the core (152) is
formed from a single flexible member.

7. The electrode array and delivery assembly of any
one of Claims 1 through 6, wherein:

the core includes: at least two longitudinally
aligned islands (166), each island having a width
between the opposed sides of the island; and a
link (168) that connects adjacent islands, said
link having a width less than that of said islands;
and
said islands (166) define the side surfaces (165)
around which the sections of the electrode array
carrier are wrapped.

8. The electrode array and delivery assembly of any
one of Claims 1 through 5, wherein the core (308) is
formed from a plurality of wire sections (321).

9. The electrode array and delivery assembly of Claim
8, wherein the wire sections (321) forming said core
are coplanar.

10. The electrode array and delivery assembly of any
one of Claims 1 to 9, wherein:

at least one of the core (152) or sheath (314) is
formed with at least one bore (172, 370); and
at least one flexible steering cable (256, 316) is
disposed in the bore (172, 370) of the core or
sheath.

11. The electrode array and delivery system of Claim
10, wherein the core or sheath (154, 314) is formed
with at least one flexure section along the bore (172,
370) through which said at least one steering cable
(256, 318) extends, wherein relative to an adjacent
section of the core or sheath that defines the bore,
the flexure section is more flexible so that, a tension
on the one said steering cable results in the cable
bending in the flexure section so as to result in a like
bending of the core, the electrode array and the
sheath.

12. The electrode array and delivery assembly of Claims

10 or 11, wherein the core or sheath (152, 314) is
formed from material through which the at least one
steering cable (256, 316) extends is formed from ma-
terial with a flexibility that changes along its length
such that portions of reduced flexibility function as
the core or sheath flexure sections.

13. The electrode array and delivery system of any one
of Claims 1 to 12, wherein at least the portions (96)
of the electrode array carrier wrapped around the
core side surface (165) are formed from super elastic
material.

14. The electrode array and delivery assembly of any
one of Claims 1 through 13, wherein:

the sheath (154) is formed to define a slit 156
that extends longitudinally along at least a por-
tion of the sheath that extends over the array
and core; and
a retention member (156) is releasably mounted
to the sheath to hold the slit closed so that, when
the retention member is in place, the sheath ex-
tends around the electrode array and core and
when the retention member is removed, the
sheath is able to unfold.

15. The electrode array and delivery assembly of any
one of Claims 1 through 14, wherein:

the electrode array has a drive module (44) that
extends from the carrier; and
attached to a proximal end of the core (152, 308)
is at least one structural member (212, 304, 306,
380) that defines a space (212, 382) in which
the drive module is seated when the electrode
array is supported by the core (152, 308).

16. The electrode array and delivery assembly of Claim
11, wherein said structural member (212, 308) that
defines the space in which the array drive module is
seated includes an inclined surface (244, 340) over
which the array drive module (44) can ride.

17. The electrode array and delivery assembly of any
one of Claims 1 through 16, wherein the maximum
diameter of the sheath (154, 314) is 6 mm.
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